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jjj^jJI ^j-loSLJI iliuiVl tSJala <Lujj-!1 5lo>U «iajjdl («JLc» SJ , <A • ^jLu 

j_flsl_b j «X. ,2^c. i^j Ca\\\ (jjjjLo 12 (j 3 Cjjll (_gj-J! I -llj 3 

jjl - » j 11 j ( _ ;r x-oL^M ojjj 'i -^llj <Lx»Ll1I a ga. cjjjLjo i^^yjjjiJI jo__!L«J!j 

SjjIj ( _ ;r 3 d u±iu ( _ ;r x-oL^VI • 'n2~t\\ j i a sej Sjjj-iiaj (j-ojj — d «^-J — 

«Luj-C d ■ ga j ' * iHu_a 'J'^"'"1^ d i --^ * (j-* J *7" i((4jtjaL>j| jl j t_ul» 

jJ! (J I Ltall I (j^. i— oSLj (jSLj ^«JLa 1«^ nUtl j jSLail!» jj ju j_uSLI! (jla^J! 

La 1 

sej (jj-i (j « < ( j «3^' ' ^jj^— *° Cr—^^ 3Jl^L>J1 CjIjL* l*J! JlJJijUj ^jj ajS 'j 

jj-ijJI lLLlIjI «L$_iLst_« ijr 3 — d ' 1 dt^JI i _ ;r 3 — ijr i1 ^ILtl j^)^- 1 L<i^ 'O^"* - ^ 1 ^9 

. LfljJlJ J 5j i Lca3> dtjj (j^Jl 4_jJLjJL>J1 cLujJlII 4^LSiiJ1 ^ O C } ^y3^>* 

^i3J3 J^j-^ f^*-} ^} ' ""j '*Jt!-^' 4jj£LiII 4^jL«ji ( _ ;r a ij_uSLI! JijIjJI jjSLj j«Jj 

(>jjL>J.! j y<*> J-J^LI' t/l^tl Jjijej dll j£ (jL^ (Jj ida jLsLj (J-^.J 4loLi/ 

4_l31j^>J1 3jJia_Ll1 £yz ^LiJU a La * 1 1 j-jSLajJI ijr II J u i n i j-iLi_a (J-uaj-ui^gj 1^ i"i i 

jjjJ Ijls-Ij 4jLJLi J Sli a ■ «43jjtil jaJLc» 4J mim ( _ ;r 3 LuLa i j jjLlIlj ^J-^ 

jjLlj JjVl La^JlC (J^-M W 'j' (J^> Cr^' i3 1 1 "1 1 "tl 0 j a 

LtiLc *L>-j5 Laj Oj^SLLI Ll3L2j Ij_u! ij/ L^-La (Jjt5ti i4 jLsj w la. 1 1978 

<LaHl! j£LiI!j 4 m ir-ijJI 4^L2iJ!j Lll 1 j&LlJI j ."i m i j ^ i". Jjl ij_uSLI! ( _ ;r j_jjiJ! 

.(j-U^UI (jJI (j-^J 'J .' "U cr*! 
( _ ;r Lc (jjjjL^JIj 4_ia^aj ^J-^J 4-Lfl>I (<s-^Jlj u/lj £ l-<ia.j Ji-LiaJI 4il! (aa.j 



2010 Jj^jI . * 1431 ^Vljju, 
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(j! I 1 jl» '.J i^j^ (j-uL-^^j (Jj Sj 

La3 iLi>. (jlsj^/l (j L. «UJI 3 ijii- 

^c.jJI (jlr j .«I CJLua (jjS^j q\ VI dJ ji^. 

CiiL£ 3jI J-JI ^yfl (j I uijVI <2jLc:I JLil jl ^ 

3Lj_>J1 i—SjijJi £_l*sI^j 4_u_oLu_a ^ laj i - 1 
J^Li. O-aliUj J a£ jT 3 uu»Uj 

cJ$»> j^lll jSLII 2 ^tl ctjIjj III 

I j ■ ..I ■ ..I I JUj ijoJLlII (jjS j^ja^\ ^jjca 

tjj-i jaJLtJI i_i j i i taJ i_ijJL!I ^$-L>- 

. d » i 'n I jUt, I i_jjJj>JI (Jj-iJ i4jJJlII ,JLj luJI 

^ ^i jL ^i ^^Tr^S 

J^UJI Jlo^I J^Uliy ,L La 3 iSitl ^MI^UJI^^I^I 

SjjsLmJI jIj aVLa i^l uj^l ^jl21!I ^ ^ ^Liii^VI V 

U 3* ''^1 3 ' g, y ' ^t l t3i>^' L3— ^ U>^ LjJ^tl 
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JlJJ «I 2 t£ J . (( LijL^j (jj 2_aL*J1 I aLLlIj ^ UJI CjI Laiaic U 

(jjjLojj» dlli £y£. j-^. L«£ i3j_iliilj ^LoSLILi ^jj-a-a (_y£^l ju! j-iSLaj w *> (Jj 
Ijl^». 4jUI ^99^ LaL^J! 3__jUI 1 (jjk Sj^LuJI» Jll (jda. «<jj 

(Jfla 4 lih-^a CjVL^ca 5jl LtaaJ I £jLua ^\ «L>olj ''LLaj Lu-d\ 4 .ul JLlJI 

£-«IoeJi.l (Jj-»-J ilj-gJ «Lje-luj .dilj j_lC.j ljiI,! J_u Jujj L5j-"j ^-'jj - " 

Lj_o^£L>- Lt-oUjt-o j J i_J i Lul Ju Lt-< d jtt-A «1 i^a£ (j-o LjjJL>. V^jso lxi_J1 

(j-uljjijlj p la * II a 1 n"i LJa ! jj_u 

j i>iL>JI Lu^j ^1 j n 1 r ^jI cjJI oj-^' ju^sj (j-a Vju 

«Revolution 3jj_ij» g 1U,^ ^Ij^ u<l ^ jl uuVI <_Jj 

iSLpJ! _jj J£(j-u <u lS jJI <^^]$j£lll £j JjVIj jLSLJuV! ^ J ".i"! I 

JjJLll 3x. I i ir-ij JljJljJI i f K i .ill < " « I j I Uaj 4jjLitjJI CjI£j_>JU 3jjj ,j-a I*JJ 
i4j^_ij>J1 Lo*^Ja_i£JiJ1j iCjl U U J CjLi i_oL>J1 Sj^Iu ^L^ILilj t_u_Ll!j 

(_£jL>J1 (JjJlJI 3jJ J » _J L_3jJLJ 3j_)JL>. d .O^aJ^ajSu Sj^J j T' * 1^ rP-'j 

.^jLlII Lo*^o_i£j ^jj-Aj iil o£J 

4_4-iJl^JI ^JJ t^aJLl Lga^JI jj-* L^_<i_j_ALia ^t_u_ojJjj L^jl_4-ilj L$£,jj 

4-uiji^'^l (jJalJll j^JJ "LujJlJI 2 alall I (j^a pi«JI (jLa^U Jilol j .3_ujjiJlj 

SJjjJa CjIjILoj j 4J Oul^ Cr^' WjUJ^ *J^— 3 Cr 3 (jyi^-J «i-Llll 

£_oj .(_p3jJLlj (J^jJIj j 2AIIj <ilaj|j ^^UaJI La.il L^iejjLj (j-a 4SLIL>. 

^525 ^L«JI (j-a SjUill ( _ ;r 3 Lijjjl (j-^ Ci-Laj-it (jylll i^^LIiJI jj 1 fl£ ^LSiILll 
sU ^ jLj ^jdl Lijijjf (jiijJI ^->Li-aVI ji^r fjiJ ^1500 j»UJI u 
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^ ^jjjVl SjLsjl ?Uk. idJij j ^r, uu J (1546 - 1483) <j3jLa 

3l_o* Uca ■ a-ila icLujjtJlj «1 jj-t-aJLl (j-GjLUi^JI CjL>j^t_a (j_a b' ' J 

j<uijL^>. j mi f *_>Lu]l l)J-2JI WjUJ^ C"^ f LsLlII J-«J "'l 

uij^U (jlS^tl ^Liill (ji^. 3ji*l»J,l 4j<i uli SjiaLa llLI I j]iLa_J i^<ufcjjjiajj 

i— iiititl (j-a O-iLc w oli 2jL3JI ij'-^ i?—^ °J^S & ' ' (jj ' C? - '! L?-^ ^ 

^jVI 4gc I i ' all «jjj-!I O-aLa Ju3j .,jjj£ 3j ZuC Cjjj-al SJjjl-j 4-iiaj 2jji2 

<tcLu^>j «LjLitjJI ^L?j >>-tl 5 ^ U'if oli-jf Cj-l>. 1 1780 jaUJI 1 jjUajj-i 

JJJ * 3 -^' Cr^ *JJ-^' Jl& <— ij_«j "'l J • ^t^- 1 ^;^' «LuJlI^JI £ji (_p3jgjj uiill 

1-.. ?j LaLc 60 (j-aujjjjj La J I jJa j<sJL*JI 'l ■ ajal ^^ic 5 ^ <w-,UVa c-l l .VI j 
1840 r L*JI ^ CjIJu di-p. iLaLc 60 «Jua I 1 ajf 

2x.Lu^> (^j* «La^La^ 2 cLu^> l*JJ jj SjlIjjj jljjuJI l*K "Jl JL^cj j 

1 Jl j-a^/l (jj/JJJ <Lw-u-i Jl;L>JI m; 'l ■ JJ.ijJ.1 «U (jK Lx-a n_J iaj| J J JJ^I 

LjjUajjj Ij^>- ^JJ-^' o^-&> (J^J • ^J-"* (j?-^ u±A\ 4_l4_llII (jj-^J 

. LuLUj Luj^a L#ia iM jjj>.I <^jjjjT (J j-5 1 j 7- aj c^jLii (J-i i JaJi3 

JjijLA ( _ ;r 3 SjLjj ( -J -u>J «I 1 J la * 1 1 jJj-cSilJ I CjIjaoJI (jl dJ "/ 

CjL"/I j 1 .illj (juljIiJL] S ) 1 a « 1 1 iCjLc.1 Jb^lj CjLc.ljHi.Vlj CjIjLCuVI ^Lul 

(^.jJ^SOJI ^IJjVI Ijuk Mjjl I jJ '.4jj£LiJI 4jSL1U 3j 2uL«»J SlalSUI 

1802 ^L«JI (jjijjLi SjUtljLA j^ljjl JJtJ 4j^sL>. mm 1 1 CjI^jj ^'j-^ 
4jLcI Jblj tfJ^S CjL>.jJe-a j n"" 1 uJJ jSLUjej (jl ( _ ;r 3 (jL^ijVI ^ J fla» I CjJi^I 
4jL«j>. (jul jij jajjtLia j_i "/j-ll d jl* aJI 4jI JlJI 5Jj_lx-i lilli (jL?j id jl?»tl 

.^1 j^i-VI cjUI jjj SjjiLiJI 5-jSLLl.l 

i^Lj^aJI SjjiJI L5JI cAloJ^I jj ilJI ii>.>a Jju 1900 j»IjlII a^jaJJ 

cjLjV_jJI ^Jl Lijx. 5-^.1 iir-.1l cjI jj Ml 

CjIjjIII lLUj I jj'a ^>=tJ (_yMI jjjLill jjja tyJjVl SjJ.1 Jju Lta i4j£jj_aVl 3jLjejJ,l 

CjVLscju «CLllill «Jjill '"" ala* I J . «LujjjVI Sjl SJI jl JiL I Jl-uu 4j£.Lu^jJI 

OjK I jlj .CjIjLj uA\ 4cl i ua iCjLjjLajSLIl i^LumSJI CjL?j >J,I JlU «jj «Ha 

d * I laj 1 1 ^JLtJI ujjjt Cm ' -j 1 aj o _U_4->- 4_i_lLs ^ a_Ui 4Jj_lcj <Li£.Lu*aJI CjIjj Uji 



(2000 - 1950 ) Zju\ jl\ ^Ll^I SjjiJI ^ dljl&l .3^1 o r,, „VI 

<tcLu^>j iCjLajl*J,lj CjVI i^jjVI Lta. _^lj K" j j3j_u.a5LII CjVI scju <U^>L>JI 

. IjlA l_L«JJ (jy^O* L&jljl (J "'J* I Lllj l_4 ^^ylJI ^JJ^II Lilij iOLjjL^J^JjJLJI 

CjLajSL>JI '"■ ubi isLuliiJI 4-lILkJI t_!j^r»J! >L^Lil (j-a 3j_jj>-j SjUi 'J-^J 

^-Us (jl i4_iSLjj_a^M 3j suXI CjLjVjJI cLi^Ls-j ijo_IL«JI «Lx-)l (j a 

4 j n frl JS! JiJ (j I (jSLflj u <iUtl l^trc-JI JLa-a ( _ ;r 3 3j : J_iSL1 1 CjIjLwj u?i\ 

U i U II j (j I S» II jjLcJI 4 CjI JLjL«JI p 3e i aJ ( _ ;r 3 d «JLi 

^JLjlJI J^lal-La 4-LaL uJlJ N j d * 1 1 jj-a ^j- 0 lP^J"^ O*""* -1 'tl^ i-uj^U 

J? - 
^UIaVI (j-JaJI OcaiJI 0 !jj V (Pil JjjJI l£1Jj (jic jlil aJ-Sj-JsVI 

J ui^ (jlc mJjjSLJI 2j^l Li^aJI oljjlll OtlAj-i jL3j i^LSLIl 4jLcj-JIj 

«LSjjVIj £-ai*-a jjaJajj *I_L> J LU (j-ulj fi^JJ 4jjJaj (jJLc jLaj^VI 

£jjji-VI j jLCjjVI ^yfl (jLoj^U ^jJt jJI ^Llill (^e-UsI J-l3 I jJ lOjL^sisLl 

. La£,1_aIoJj 1 1 N l ' ^"^1 ^/-j j IJij jjl^**'H (^-LOJtHJ ji_o*aJI ^Jjj-Lajl 

j a^v^LUI SLaLlII LljLbLiliVI j djIjjiJI j^a 3J uluJI tiilj JUuj 

jjj-u-<iSLII jSJsLLJI j .5 1 jJLl j f I jjJI j' .UII.-.VI -> ^^'a.-.ljj"..-.l i^l^ll \? 

(_pJI «Nanotechnology jiLHI I ^jV'^"" 

o'jjt lSaP «j.* ( _ r a Lul^I Lal ju^s -i-^j-y L° 'j 

.^lill tfjJi^. 4jI JU i_3jLSi^ <j^=-> lS-^' 

LJjj^ ^_y2i_J 1 *Li JiVI jj- 4 jrA^ (jr^ (Jaj^ILj jjLiII I l>.jJjJ£[j j ^*jjj 

juu Lajj 3jljju»JI Lp-jJ jj£jJ I liIJj jj.'^"' *— ^P* <Sj j' ^JJ ' °j 

j«JL«JI Jjj ^ lialiSLjj LJL»- 4jjL>JI ^laLlII <1iL»j^I i-3j ^j .ajj 

^ rt J <aj 1 1 Lo» jjj I^v" II l£Uj ^&-LLtaaJ 1 Lkjl_4J ijjl_Lll Lo» jjj ^"j ^ j Lsu 4 i" 1, 1 

»1 IVi i nVI ^? L*^-« ^_J_^>. 4jr 3 (jjj" Ml I, I l_ul_Sjl j^Jb 

Lp-jJjjSj ^Ss j»J SjJI £-aj iL-Jallj 4jt-LoJI (JL*-a w ^ a .4 uu 1 gj jf «Ll^. 
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i_j jJI t_u-ul_ill *IjjJI i-ajL^i liilij ijjSaJ! w ;^tl ^ 3Jl<£jJ 

LiLIjj i^^j-u-^JI L^£j t3jL>. (J^J Luajj p i ■ ^> ' i_3j_*_u 

4j-uJIj £-aj^eJ,l (JL*-a • L$J^ t T J 5^J-''' J"^ i ^^ J W^' J^^' t—tlso i_3Jl£j 

fj\r jLaj£.^?I (j-a jjLJI Lp. jJjJSj j-J-«J <-2j 3-3Ji^ejJ,l j 3JljJu>JI 3 al LaJlj 

^1 - ^till j (j <J_1>-^-" J-" 1 ~~ ^ jJlxL21!I 3al UU j j| ^ 

L}G»JI Jiu 41lJL 3jLx^ ^jc j 4£. jZia Alternative Energy 3JL ju jjl 
Jj^j ^ rtt^f.Vl jjjJI tj±p i-aj .» tdJj^j .Solar Cells 3j .„«r;.!! 
3JaLWIj ir!>aV!j ^Lj>II cjLJaLL <j-a SjJjiU 3^U;tl oliLkll JMJL; ml 



^ 2 ■ «L> ^Jl a J LalX I UUtJI (jjjijl (J^L>* Ljjjlj j<ll>. (j_a 4jr>ijVI 3_jj|j^>J| 
^_UJ l_3jj-uj . ^L^JI (JJ-2JI «I I I S 1 1 J UI» II Cjl J i i .lll (J^Li- 4 iln* \ j-^Ijj 

dlljj i2_jJ ; p.jjj L: j^J| SJaLUJI 2JI iLaJlj SJLaLCll a^l aj , ,,^?l jjlill Lta. ^Jj 
al ' aj a I 4-kJLiJI Lgjjfclj mj jj-ajJ «JljJlj». 3j^iajjLj j| j_a ^1 Jiiej uiL 

Lj^L>.j cjLjjLLij 3_cl ; jjj 2lJ| ^ 4 " a ''^^^j O^-jj-^t^I ^ 

Lu£L<u l-3j m Lta.jJjlC'ill dHj (^Jl 4iL^VL I jui .(jM-vjjJt-LflJI JjSjJI 

_p^lj J ' ^'a? ^IjLitjjj/l J^Li- (j-a I /j".-»'aK n * CjjJ^II jjL^a V^*-^' (j-* 

^1 Atomic Structure 4jj jjl SuiJI 3 ISLla S^Lc^ ^lL'^j 

jVI (3iit3 iGrain Refining I ^L^j L^Lijj^ juJu^ij I 

St 

(^jJI Nanomaterials 5i jajUI jIjII ^^.^3 Sjljjl». jIj o 

j i CjLjjjpJI CjI j 4 J i LiiSx!l jl j II ( _ ;r 3 3jij J-i^ *^i>^ (J' i-=ai-J 

^ , L^J cjLJI I «-a iLarge Grain Materials S j j i< U oL^i^JI 

.3_aJ_oILaj 3JlJJL>. CjLcI f ^z» Jj j U" 
. CjLiLLaJiJI ■ fllgje^a 4 * i ul aji CjLL*_i_LuJI ^j-a _u_ui jjLlII L_>- sJ jj t^" I j 
Ij_ijG LdJi «jjj-a i Jjl jJiil (JilaVI j»l Jiitli-dVI j 3; LaSL! I ^Jlj^JL I (jjjy L«-a 
^i*JI JJJlJ «LLaJJLI ^1 JlLlII jj-a 3 t ^" 1 1 CjLt-a T L^-U ^^j-ilal j-a ^jylc Lul^ejl 

Sjjiill JjJlII lLIJj La I . 3_j£.L»1>.VI j 3j \1 , ^"aVI L^.Lcoj| (j^ i Jjj i .i 

i. (j-uJJ V ^^lll L*J — Ij jl i^^^lj K" II OJjj^lIl (j^. l rllV'l l (_)^=lj aLi 

i alielil 4jt t's> (jj^j ulS i<LLaLill JjJlII jjLill I .ia. _^lj i^" 1 'LLaj^ 

(^1 i^oJj U-a n5jj>.Vl oVUeil ^ j i 2_pe-»^JI tljVI aJ.1 ^ 
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(Jjjiil 1 Ij <i" I Jljj^s LiLIj Jl*j ~ j ■ aj 1 i ( _ ;r ajJLll ut.iL jW^' ' * ♦ 1 
4ju-Jqj Ijufcj .AjjjLlII Lp» jJj i^v" 1 1 ^jj_t-£> ^Lu 5j_L>.j ^J-^ ^j- 0 CjIJ > 

.4-LaLill (JjJlI! (jiut-ij 4-iiiJI (JjjJ' (1)^J 4j£.LCl>.VI SjjsjIII Jj-uuLj 

oU&Jl IjlA 

J i a^JI aJlSjj i jjLJ! Lc>.jJjjSijj jaLJ Ij ^J- 0 ^L>.JLo Jj^I uLJI Jil^-ij 

i L$jI iSu Lusjju i-uji i Lcv^JjjSill! dllil ^Lal ui LaLc Luaj£. 4_La Jj^/I 

^jLUI J i aAJI a ) 2j La-i-o 1 4 a b se 1 1 ^ . S <ic j-uJJ I gjLS-ij Lajj 

4_jjLj_LLaJ1 ajJL*J1 jj^" L ^ 1 1 nft Li _}1 jJJ 4_j_s_aI jj^. 'L? t - u ^-° 

itiJLiJI J i -■» aji Lal . I j laljj. j 3^m I i a j j a a j ^1 (_f J' (.gj-J! 

dJJj J-^J-«J (j— 'l lSAW ^ o' L - a i^J iCiLjijilj j i^LlkJI 

jjlsljjij i-uL i^jIjJ! J i Ali «CuL^j ^1 ijj^' J 1 aJ r<u tClLo-i^JI 

1 - >jj Laj ' i^ ^^- a 3T^^ ^W-^* CJ"^ L3-0 Jl^t-**i 1 m 1 1 jlj oli ^J-auIu 

f^i^. (j^- 1 L * a £^' ^^A^ <Jjj>. 0jj * iLJI ^ **'"' a 'j 

t4jjjLt_11 _}1 jJLl (jj-i^ j ^j-i (j_u_aL>J1 ' a Ali * t c£_o* jj j_t£[j j i j il_Ll1 

I JLfl> jj^e_o jLIal (j, 3j . L^j ^Lallj ^jy^JI 3j Jj-aJ1 (j^al j_>JIj 1 gjl ^ * < ^"j 

oLjJuuJI t^A lis j ' a ^"'^ J^J-^- 1 i (J- u -^^ (J-t^iAj! jjIsjjlj i* )LJ! 

<U '"• 1 a 1 aj. JLai i4_^>.jJ5jSj jjLJI ■"«! Aj ,U",tl ^3 i4j^jLl1! A ^Th 1 ^' J-" 1 

_il ^X 4J!i_a tj ^ ( j- a ^' ' aAll ( jlajjuj . clLi^Li ^_iL_aJ! ' a Ali <L>.I i u a 
. 4_o^ jj j_tSLl1 1 I o & Ij I Lul ^J-^ 3 ^t-*- 3 3-° 4 J-u-a ^Jj- 1 

iSjLitA CjVLtcjs (^yi dJJjj i jjLJ! LcvjJjjSj (ji^- 4jjjJLl Cil Aj.U'll jj^i 

J.^Allj sljJtJtj u,uJ! J.-^Atl) 4-p- ir-.ll 4jLc jJIji -i Utl< 

JLa^sj i^j mi f (_gjL>JI J 1 a Ali j LgjLjll |_g, ) 1 V.llj iSjioJ! 4jLsjs.j i(j_JuL»JI 
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t ^jLJI Ljj>.^J (_g^L ^"aVIj ^^LjH^-V! jjlJ! ^jlSj (_gjJ! uic *-jIj-JI 

I j-A L^J 5-iibtjJI j 5LL«i«JI 5Ja lijVl j i l_L»-jJjjSLlII ojlgj Seelit.! JjjJ! 

(j! jJUI ( _ ;r 3 3j£jLJkl L$jL>.j^e_a (j-a 0 'l flj i u V I 4-Laj£j 2 <v i *~ t I Lj^oJo-iSji] I 

OJJ 1 '""j ^ ^ 1 "*'*' a ^ O^LW - ^' J 't-Sj - ^^' 4-Lal_iJ! JjjJlj 4 ii>»-" 

i_sj-l>J!j aJLaHU (Jl a JjJ LSj^ a L}^i 4-ajLaJ! ^IjjSill! 3 ^e-aJ! 

(jja (jJjJ-!! (O-JU)! JjjJ IL>JI ' 'a «j t I uiilj^ J.^Alt ^ i'^J-jj aLitl 

4_ire_uljIoj/V! CjIjjV! (j-a 3jL>.!j L&jLO^.! <—l^a i_aj£j ijjLJI U»._aJaJt£j 
. Ai iU^II 4_u»_uJ! lUU». j-jjjtjj j<tc J d ^ ^ 1 1 

jlj^j^i^. ijjUJI l_L».jJjj^J JLfc-a^tjjlaUlI *Lai«JI jjjs >alj JJ^J 

jLaS ii_jLj£L!I I Jui 5«lj^9 (j-a 5^>-jJU SjijLill (<u-a-»J (j^*-f (jj»J • 4 j iXUU I aLc 

^a-uaielll £jU» (j-* ' a aj U ^jLaJI *_a t. 1 1 uLuj " La - •■ i rt J J ' " » )jJ_*_uL) ^-t-a 

3_jl t" i n^l (Ji^i- (j-a Lt>. jJjjSjill Jui CjLu-uL-u? ujLjSLII ^jJsjj (j I (^y^. U£ 

^j-uaj^j 4 uaLiJI *Ula]|j 4 j i aj 1 1 CjLa-ll-i ±4-><J 

JSLI (_JjjJ^jj (j — iLilal <a jl^r j — li Jj>>- — c.1 U' AS'J 
dlUaLaJI SjljjjJI jjjLaillj j'v miILi g i. I j iujLjSLII I Jui jL><-iJ (jj^- (j '* 7" 

2_talj>. 1 ,U1I 2_jJSLi jl" , nVI - ^jj^jjJI Sju^a Sjjj^jJI 3ib 

Jji.itl L£i!j£j ^a.LaJbiJI CjUcj>U OJaSH! Jl^kI j» UI I JJJuU JjVl jl uuutW 
(jljl ("1" ( n II i^kuu jaJLlll Jlj£. jjj^jJI Jn n!lj ijj^/jjlj Ji jjijt_a jjj^jjl 

La^^a ill iS-LaitJI =*jSU <-~. I j»t J «Jl j_jjLaJJ jVjVl 

Sjl^Li ^^Laj aLiilJlj j£ uJI (_>^iJLi.J Sj a" 1 n U I 1 /j" t j| . .. 

(>!l>.LJI ^iLaj iil u^ ^i' l-dJj^ .2_aJLalll 5>J^ 

^Uu3 Sjjj^jJI (a^j-a j^jiLi ^j^-^-ij idj^sJI U>. jj jjSjJI JU (jdLaUIlj 
.3j_aitXI 4 i al «tl U^jLifo^Lj-a JLjjLaj i»-jJj JLa^t_a j^j^jjlj 
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.(jLiLjJLi j£jjt^Ja 4-«-aL>.j i3j_aL2J!j 

Prof. Dr. ^jjj ^^l^ j>£j-II M" ...Vt a ^ v! <jl jjfj 

l( jrOx£>SLI! (^Ic. cjjudu ^jJI n.-Mi^itl jj! jJI aJUJI iKenji Suzuki 

. ^LiLJLi ^jJtjSa «LhjjL-cj j! jAI Cis ^"tJ «GjLija 0-><j JjjjlILi CiSj-iI/ *u 

i^JLill 4 Li_jj-s_iI ^_j_a^_j_u j^tpl^jJI !}LL*_u^M uA\ jcJLjtil j-jJLZjj ^*C mi 4_j_r»oj 
ijjLcJI Lj^. f> l'* (j-u i-u I 4_Lo C^Sj^. (_g jJI icLlILkJI jJ)ljj>JI JLi^sLs. 

I ^Li^^y* ojfjj 

Oj_j£L!I a ^1 i(jl liaVIj lu]\ CjLjI (j-aJLisj ^Ji23i q\ ^ ( _ ;r flj 

d o j U Jl^jlII i_u^3 d 1 ^jz <J^>-I jj-a i^j^-* 1 ^-*-^^ ("J^-^*^^ (j * u i ~»J1 

.iajjdlj joUI (jlr j<uLUI (^yiL^JI vl . .v.aVI yy^iuj ^1 «LujIjJI 

f\$'ta O n U" (jj jJI — (jjLblj (_yi>-jlj '(jr^'j O" 0 ' — S^jlijLflJI ^j-i-ui Lal 
j£, uA\ (-;r i-a fs-gls ijo^jLiitj (^Lo- <-. ,"i",tlj ^J| ^^Ljla 

»1 jnlt L«1xj5j '- Jl t!-^-* 1 t_iLjSDI I jtJ* Oj^r! D' iJ^J 3^ **-^' *^Jl ' lj i*- 1 J 



2010 jjLu 



white 



i*K <Nano ajU 

LuLo. - I i Oj9j i I j I Jl*j «j-ii-VI 

cjjI jJaj >( jj UI I 'jJt 2__jIjij jila 2 jjjjjJI 

4_l>. j i$gj| '"'l SgjIaaJI j 2j-&LJI CiLal iVi^VI 
CjU,„^tljM;11 j .3^l»-,tl,-.ljl-».'.yij3A|-^.tl 
t^js* I Juu <LL«_uj i^a Juu La jj L^AJ 
Lij-ua ^Lj^Is cdla jj I Juu i 1 ^Jjuj ~\ 

.^j-JjlJI JLl>J1 ^Lj'jJJ j^U! L-^y^SSo- 

=1 fcL-a ~J "y j La V I 

" Cr" ' ^J-^J ^ uiaJlj 

i «Nanos ^» ^-^j ^uj^JI ^U^JI «a^^aij^i 

jLll* (j- 4 ^J^* J -1 ^"^ ^jJjtJI (JL*_4 CT^J L^f^il 
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(jjijJI (j^LiiJ Sjl^j iNanosecond) 2LuIj ^jU i^tiui .(ujjI* ^ 1*)^) 

.«SjbJjJI 2Lulitl (jjs jL_lLo (jJc IjlvIj» ^^Ltj (Nano Sec ^n^l j irTMj 

<JJ Suipill! i_3jj^»JLi j .^"^j ^jJI .Nanometer j^a^Lill ^jieloLj <JiULij 
c^j VI (jjj V (^lll Ijl». 2 j\\ *L i VI Jl^lsl (_>uLl1! .nm 

Jila «tj^jjeJU CjLaj ljijJI 3 b^LJJIj CjL^jJLIj jljll CjLjjjL». j CjIj j (jji-uliaj 

(jLlL«) jj^-lL» lJlII (j-* 'O"?" Li'j'-'-"- 1 *J->*' J-^ jJLajjLill j . CjL_ujjj-uijl j Ljj-u£LaJI 

6-° 0^* jW^- 4 cr^- i£i — jill tjli j — j I 'ji&i Cy* *3 — * 

(2) 

(J^ls jj^Lj^ (J^Ltj jl>.I ^Jl jJIa^jLlII (j Lis *4jjLS_*1Ij . ^ Ia^jLlII 

13,- 



1 nm 



(4) 



3j_l«-i^i!I *LlJuVI Jljlal jL»J? (J-uLlS i^Ss 4_ajLa-"i mil ^ILajjLlIl 3Jl>-j jLuJj 

J I J 1 1 (jy^II tUiVI (JJlJjlJLaj ^LsfcJ*J J-*-^ (^JlO l_fj!j.}l^ i!jL>. 

SjJij »L2JV ^u_^£LII ^JjLill j^. j t (_g Jl^cJLI (j-a (_L«J i3jL>.jJI d Jui jal Jujelu-ulj I j '<* 

i L^al^ta-fj LijLtjf (jjLpj (-? jJlj ' LU ia^jtil « LuiVI (_>^a-»j jjj-^> (jj^- *l»jj-i-u 
jJaS ^ 'M 'J^il Jjj i .1 ^yijta (2-1) JSLjJI ^ ^usj^ jjk L»^ 

I^ILa^JiLjLa 120j 60 (j-u ^jIjjj <b I Jua- i i u'°i njLujVI jJjIu {_ya 3Jls-I j 

i^^ILajjLj 1000 (_JjLuJ Jl>-IjJI ^ILa^^LjJ,! j? (j-^y I ' J-II 

j±u Ulu Ijui.^^U 120000 (Jl 60000 JjUj^IjJI SjjuS, ^ka^f^t 
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JjLu La (_jt j2jsjj£^La 2.5 j xj jl ijijiU * lj_*i>JI ^Jl)I dj|>-? 3^1? J-^ 1 ^ 

2500 

.ji^U 1000 JjUj U 

jljj.1 j j» i aj 4-uj_pSL!V I j 4-uj^iCJI LliLcLcuaJI ^LoILi&l i_u^aj| njjJLll 

Sj^-vl ^LljV «LujjjSJVI 3j^>.VI . "il'.jC " j j ♦ ' ^" 4j «i /si I j ^j-^ ijl <-^L!ij 

^ 't *" j jcJLjlII CjL) i^j <j-aj • IjJ» i-u a I j iS^La^j Ct^'J ' ^^-^ J < ""M 

3 iij^jJ! cjI ijKJI ui^jj^LjII Jla ;(>^>JI i-dJj J jja W u ^ 

ZuiaJI cjLa-lUi^U (>acill.> j-t£j t( jj^SLiXI ,Microorganisms 

I_jjJI CjLcI i ua ^sJLc (j-Sjf JlS j I JlA . jJi^j| j >-\-J,l <5Jl>. _jj ^JajjjJ,! ij^ig lIuJI 



VI Sjjjvjll CjIjjIujijjIjIIII L-SLtjJsl ^jJLc (J|jIL>j OL;iJtJ LajJlj JJ-^I jejlj-ii 

Jl3j .^Il4^£L ; lLI jj-a ^j-i^l La (jj-II ciiljjj" i iij^ljUll «LiUJJll cjUj£L1I cjjJu-^ I jl 

■ LtJaJ ^1 jjLlII i n l CjIjj" i ti^-jl^llll /~*1'>jC j jjt , .V. (j-C-^liM 

iCjULuJI j CjLajLdl (jjjJej L#jIjJl3 loLjjj 'V J^JI SaLo-Cj <tcj ui 

jj^/l jjjl 4] jjK Lx-a 1 LajI < 1 11 L J^>ill J I J "I 7- > I J J « ■ (^l I ' aj| L*ill) |_f jlj 

.jijjJI «lj_i (^jiJI _^itlll (j^Lc Ltijl iSu ^1 

Ujjj Ljjaj». (_La T dtJe-LLolj 5JLliiII i_j jl 34JI 4^,1 i-co CjjjJaj Jl2^ JiilLij 

^1 CjLajLdl j d! I iLj^II lL^Asl J (jjjjjej w a L^jIjJlS Cjjlj 2 i3*Lai? j ji?fj 

1 1 ^ I JlSj . (jt jJ3U,I ijj-SJI (j o CjLlLl* tuHlI SjUa <LlLc O-ill? La 1 a 1 < Ca\ 

(^jj um (jJI 4jj^p£LlVI LgjUjiCa Cjj < ua j? Jljlj j^l L^ i n <il i a aj a> liJUj 

ijila iS^Judla ^jjLlIoj IjI jj! i^jJj (jV L^lait L«-« licj-u JJ-^I Oje-UsLa i jjLlII 

a^JLw i^j^pSLIV' (.pL^jJ! Jljrtinilj JLl^ijI ApjSittl 3< 1 .UI ^1 J^jJI 
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CjIjlC.1 i .i «i^ 3JL2JJI ^Jl dlj Ljj_Ls- i'.^Ua J 3a I Ju& . Li uiJ^La i_jj-l>. 

jj jlso j»Uij JLiolj .Personal Digital Assistance. PDA 3 n^^i <LUh j 
. L^ik. Global Positioning System , GPS ^UJI jJaljJU 



jMjllj 1 5 J! 10 



J^iA- 120 J! 60 




2.5 












ji- ^JU 1 0 tjb J* 




jiajj 1 -! 12 - 2 ;> 





jlLiJjt-ili 'j^lt 



0.2 jllj» 




Ojj^iaoD)j^i - j^Ho 

OjjS*.100)jW^0.1 - > 4 "10 

(ji.jjS^IO )ji*j^0.01 _ > 5 "10 

- 0^1000 )>>jjS-1 - >H0 

- (jlyM 100 ) >jA< 0.1 - j- 7 '10 
(>._jiL; 10 ) 0.01 - ->" s '10 

- 1 ) 0.001 " j^ 9 "10 

- (ji^Li 0.5 ) J^)J^ 0.0005 - 

_ OjW 0.1 ) 0.0001 J > 10 "10 



(4) 
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ij^yCcl\ 4HJI cdli L^L Nanomaterials Sj^LlII i\ i-Ju^jG LuSUj 

^1 LajLlj] <m ilJLa ^^l^jj Ot_pt_) L$_%.Ltjj ^^^-^J cr^^ 4-&JuSuX\ -il^JLl <j a 

^£ U^-f-A J-^ La_£ i^L(-aj_)L) 100^ ^_Laj_)L) 1 ^A- 1 4_iL>.l jJI L^jLl j -l tw jLiLjf 

(jf (jJI jIjJLI tilJj p" nUaj ^Lau-I ,^ ^jf JL—Sj .(3 - 1 ) <_£ Zul\ 

LA-sLaj? ^ylll ^<p=->JI 2j_o£ 4jJLil2lJI j «1 U l>jLLa L-CjJ lu luj 

100,^JLc 

^jlSuI I j Lt&x ^-jlutj j^yllJI^ (cjVI t-aliVI^ cj La j W 1 1 Lo*jJj_(_\j <a j^_l_>JI 

. LjJ Lca^JLl l^_tluj_^ ^_aVI 5j Llc3 2*>^g 

lilll) (jlc sj-i^JI (j o I Jjjji i(J ■ aAlI I J sLlILjJI J[j 1 A 1 1 Al"j 

d A h ->■ t, 1 A j . taltll 1 ^ d-jlo^j^ ^ j 1 ea >■ ) JS)^»L_>^ t_sl^Jtl 

^1 4jji_j_lL_> .ilj o ^1 $\ 4 U''^^ -^ [3-* ^ 1 l_uj 

j_i^>l_L»J! (J-Lo sU loiJLL^J! jl^JL! ^Jj-sT JL*-ij IjUi .4 iiiie-a 

di M uajJLI oL a? <Metal and Metal Alloys l g <Mj ,„j a_jjJLAj| 

iOxides and Minerals ^.il »JLIj ju ^L-CVlj .Semiconductors 

juiG ^1 i\j II 3Jj-U-> jjG Polymers o! j «^^Jl ^ 

.Sj^jLlJ! Sj £>.V!j jl^JL! j j ■ ' w 'a j < 1 1 1 1 Lp-^J^jSLj I gjic- 

JL*_) — Lib^LuI JL>. I (j_ujjlJLa Cl(jL-C La llil «4j^jLLII » d A , ^tl 3_iLll ^ L^Ja 

.^LojjL) 100 La ~ ij^^l c^Z. JL»-lj 

^ Sj^jLiJ! j! j U tfjut 4SLJ luj ^jJ! lL -i III (^JLc (jjiji^jJ I j & 

^1 i^f j j 3AKU Blood-Brain Barrier j^il J^I^J! ^» jJI 
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J i aJ (jylll Lu t-uj Sj_uSLII a,\ mg-VI £-a 3« LaSLl (J-«-*J I J-A £-it! jl j : *- :>, J' 

. L^_Lajvjl I ^ i 'r> I j-Hg. 1 j&ij (j! (j-o d J Jaij>o 3-Jljl jl I! 




Sila 1 • 'j j Dj^_^>. La 5jJ_U» l7lTt (jrt 4-] w l' jjl 5j J ■ t 1 ^_U»JJ : ( 3 - 1 J l7lTt 

High-Resolution Transmission a_ijdi u-tLc ^^j^psJVi j_atiri 

uiL^oj. a_cj.a->a j_a 2lJlJJji 2ULuJ Electron Microscope iHRTEM 

jUjI ji J< ititb Ji*-ibj . 2003 j»U)l ,^3 dJUc 
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JLo hzjVLsJLI < M"^a <j^LlJI jIj U . Nanotechnology 

OGjUI 4j>JL»^$ ^luJI (^i^ JiL^JI Jl^" ^Uj^J > w 

I j_a> ,<ijijJI Sensors ol l^I ,„->JI j oL^pSLWI l 4 T J^I cuL 

SJLlSUI oIjl«J.Ij 2 aJtitil olj^Vl 4^Ll^3 ^ Ls-Iji-j (j !J ^aLUaVL 

JLs-l 3 jJL3EjJ.I j 3jUJL>JI 2al Uli jJLscjo JL*jj . *l j t_u JL>. !j\c 3 AjA-HI j 

.Fuel Cells .j^sjJI oLjjLLajj Solar Cells 5 j , ^ r„\\ LMiJI ; ■ a3 

. I JL& LLa^j ^H>. j u' + t 1 L»-^ ' ' ^ ' ' ^ 2_) I JL) 4 Cj ! jJ i_u 

JLlC IjLjjljo t?~>\ 4jL3 i 4 j ala 1 U ^_L*Jt! 4_u3^_& ^j-* 5 ( <i -^>-^ ^-3 

«Gl uLu-uj jaJL»JI ( _ r 3 jj-aVI CjI jj_3cjo (_yic I gIi_La-ufej I a \ 1 , a I 

' U A 1 1 1 (jut ^ ui^l jJiS i/oJ £y*j iL^-uLalj I gjjl . *->t Li3j I j ♦ J j Laj j 

^^^C ^jl_L>.Vl ^-JJ^ ^^j-^ ' d lj 3eJ >. I i _ ? _)L«-« ^jLtJ^Vl ^j-a C? ^ 

^JaLjJ! (JjIjGil 4j*_ujj « Lp-jJjjSij » Ja Al! JJLa^s t—iLtC. (^^J 

^Biotechnology Sjj^pJI Ll>.^JjJSgJI Jla ^SllUsU! Lalc jrG uJ\ J>U- 

Lp-^J^^J tGenetic Engineering ^Lulj^JI cIjLijSU! 3 u,jlL4 L^J^Sg 

iCommunication and Information Technology oLa^Ld! j oVL^jVI 
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cuLu^pSLlV! cjL^aJaJSuj ^Micro-technologies 5lS^jJI ^Lt^J^SaJI 
^Nanotechnology ^iLJI Ll>.^J^&3 I j_p.!j iMicro-electronics 

JukJ 

gLc^-4Je-a (_7-tJtJ Ja i_u_Jtl Lk L(Jt-4-J Lj_>- j_i£u\J I j! (^ylc ^ ' ^ ^" I l-*lj 

^jLlj j j; LaJJ CjI la i II £. iJ-^ u^l " rS-^L^I 'l J-i-2u]lj t— ^ >ljl g-U 

3j_LAJ-<JJ 2jj>3 dj-^*- (_^>-f (j a 4-LaJL*JI Cj _j — =fcjj| 

( _ ;T j-ikjJlj (jJLSjtJi ^1 j-Ll! (jyic 4 «jLjs sGjjls. cjL=ejJ^s ^ Lc i^u*JI 

3 j^t Lla^ ^J^_tSw(J I (j T * ' ^ *j * 'A | 1 juk 

^la-m «-5^>-j J-ijo (jl uu^ll . i Sl'a isCLjjLa. _jl 3jUJL>. lu-l1 

CjjjJaj (_ T ^JI i4uJL«-»JI 4 jlju-i. ^Ljjj 4jjL>>j (j-o j £&^\ i_»£j£LII I J a 

<J^1>. _sL*u^/ l c_*jjj?ejJ 1^ ^JLjlII ^ Lc jl«i1L*u cjL>.^^t-« q^£jlJ LiLta j *_) 

(j-o (j- 1 ^' ^' J-*3 "'l 6-° (jl uuVI (j£-CJ (jJI 4iLx^VL Ijuk .4-ILaC:I 

^jjo 1 (j i r^jl-cu j«3 lukj j(j (_p3j^/l ^la loj O-so 

4j^JLs Cj L£j-i Ljua ( _ T ic Jj ■ a — 1 1 (jus 4uS_aj ^«3 1 1 j j j^j * ( _ ;r 3 4 La. I jj I j I 

(u luIjj d d b d J^u-a ^^uS ^ ^J*** luj f£ 'j $ • aJI ^Jjj-Ls (j c liJUlsa 

L-u-uJI Cu-)L£ ^ i j a CjLoI JLjeu lu I jjuj tiJJj juc (^Jj i3jL>. ( _ T ic (jjJ taj 

(jlll Au-ajuJI J^l jJtlj C-lUu-aJI lu LiuJI jjl uijVI (^SUu ^ 

c?^" ^ ^ O^r!-^ 5 tl>^ * l^° jl^ ° ^ " ^ ^ l~9 

LajIj SjUJLau O i-uuJ L^jli JL>. ( _ ;r 3 Lp-^J jJSjil I tA'a ^j^J .^p^j^/l 

^ ui_pj,l p j I jjus (_^a-talll (jyic Ijukj Ja-S-a i la a U I juk L^l3 JUJL>JI 

(6) • ,, • 

Cuulaj> jJI ^Jiuj^ c_t^juj ^LjuukL) «Lj-il u/ Lo^ juSLj ^1 Ja_r»o jqJ Lx-ij 

^1 Nanotechnology j__iLJI Ll».^J^3 4j 
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3 l^I jju (^Hjlj t^jJI pJL»JI tiili Nanoscience jjLlII pJL*-> j 

^LUI 

ig jfiu i a jljJ.1 (jj^jjLiLaj aLxj».| j ji rr^i" (jl (jLuJI Cs-^-J 

( _ ;r «JLcj cr^-j-* ^IVLSjIj s ^^'j <lf sLL-ola jjt isGli jl>. ( _ ;r a Lajui (j-ujJ 

J' 

l^j» i_ 1 1 uLilsJ 4jjjjLlJ! jl^Jtl jcj-uLj <_2jjij .sl^il (j-a Sjujl>. ^Lljj 

(jj-3JI I JLa> ( _ ;r 3 4_a JlSHX I sLc>.jJ jj£jlJ I CjI i LagJI ■ " ' I dlaXa 

.W J^j^j jj^i, ^-^ pljVl jjjjjj 
jjlje_a lJljjjlj £-taj (jj 5 ' N ^ l>-*' jjLUI p^Lc lJljjju jJLu 1 a-Luj 



o jufc ^yJI j la 'j cliVbcll juk <j-a }L£ jl <J^p- ,3 Ah^-t I djSj ,tv,tl CjVbcll 

jjLlII Lo-^JjjSj (jl 3 i2-aLcj .«b «LuaLiJI j la-JI 'L^-J (j-a I ^j!j-cSLx!I 

4 u I j J a p j flj Lr i^- 'UijlJiJ I 2 a Lflll, I Lp-aJjjSj<JI i_dij L$jl_i I j ^Jj «J j, SL4-1 

jjsl jj £-a LjX.I julj I /'N La^ij (jjjjv^/l 4j uL-uVI ^^LiJIj jjLJI p I 

4-iLi.l jJI I j~ j h ^jj^ pSLajJlj SjjjLJI jl jJJ Jj-ditj Ajj^JjJSLjJI Sj J 5-1» I 

ji'^j La-a 1 5jjSLll ciiLljjjsJI j cjIj jJI a. K j i» 3 jLcl (jjj^ia j 



(9) - ' 

. ^ a b se U £j\ dalJI • ^tAj" SjUjjjj 3j_L«ILo CjLalllo (_^Lc J j i ^> — 1 1 

cJsl^Ja jM (^y-dl^ILa (J ytl\c j-zz-i 5Jj_L4-l jjLlJI Ll>*jJj_lSo O st-uaf IjL^jJ 

j^liLLJ 4jJl«JI «LtiLi iSj_i!lII 4 jjjJLaiJI CjIjLjoVLi 4_Li-l ual\ <Lfl>l_La ^jli^i 

pjj . 4j3jj«J,Ij joJLkJI ^-Sl (jja L&j-lCJ 4j_lLiJIj «LujjJlI^JIj «LluLjj j*I ^ji«JI 
^Ijji. I (J^^J>- (j-a ^*l j» jjJ I 4_ J I cAuaj La £ Llj q I jj Ll! I LiiwjJjjSLl! j ^* 

Lti>. jJ jjSLl! I iiJ t jSL«j jl I4J I ui (jja (jljT Sjijjja ■ * 1 1 j i 53 5jlc jLS UjIj 

c-jIjJlj (-lcMUIj Molecular Structure ^ujjjiJI 3 mil ^ p£L=elJI jj» 
■ a j j j 1 1 Ijl& (jja La^LLulj . -ilj-tl w ILtAalJI (^sjJii! LSjaj I j i x< i ^"j SjLII 
gjjaf (jja Jl>-Ij J^>^ (jr^ j 1 " , ~ ^~ ^ j-iLl!l Lc>.jJjjSo oLcUjJaj (jl a 

^jjj-aJI £_l<w>. (J-a iltuJ I gjl ^j ■ Iaj JlILcj (Jj t < - Ia 1 1 «\ i_uJlJl^JI j? L*JI 

.(4 - 1 JSLSJI) oLSaJ^lj 
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„U! 
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(j? l_Ll LlSL«_4 o^z! («J (_y3 £j^>oj (jLLsj_uiJ! «L^alSLoj «iljjdlj 

41lL«JI U>U»JI <_L^3 ^p». *l j-*r«Jl ajJI cilj£<jjs L&>jl>s tiJJj 0 a 

4jjJeJLI «L^j-iLiJI .sl^Jtlj 4 j i n< ."itl U^L>JI i ^jtAj" (jl£Lal CjJLajj (j? 

CjUjLLij «^j 'r . ^"j sLj i .i «) ^JaLLaJI JL1J3J JLjcjo ^Si >^y Lo^JI jLi] 

l_L! LjJ>ie ui (_pJI SjjIjJI 4_p.jJj-&Ll!l oLujJI L*J t VjJ tj^-jjJLujJI 

(j? Ll! J.* .3jjl3euJLI j 2jujlj>JI 42LLaJI Jl jjl_L!l Lt».jJjj£!j 

L$J (_ 7 jil w 3 LJLj i-A-J 1 i— a j ai? 3J^<s-><J,l Oj^jj-uaj I Sjuj^-Vl tiJJj Ajlicj uli 

i_llj-uaj| Jjj^laJI tiJjJ uJ LbjL^jj 4jLuljL>.lj LuLS_a JUJL>>-i Laj uu 



5 ^ uulJ jl< J a Si—tlj L ...t t^ ^A uJ Ijc-ilj^LLaJI ^ Lu}Uvj J^U- 

II>L»j S^LJLI 4_j^LlII cjU: ijJL! ^Ijl^ «J VjJ L^-u^Jlj 



sU^-uiJI ^ ILc 4j?-j i «a ^ Lc w i ga o 1 1 I ^njj-La 4J ui Q^ imi'v 

Richard Feynman j U n'°i ^jl uujj j^uu^-JI jjj uJI Ly £j^aVl 

There's plenty of room at the 3^1 UI ^ j_u£ ^ ■ ■■" a liILl* » jL 

LaLiJl ^1 4uiejjLill <*3 ju^UJL UI ji^ uMI «jut ■-■ '-K .«bottom 

(j-o SjjU 4JL1J «I uuj ( _ ;r 3 «U^-uiiJ 4_u?Lj_j_a^/l sLulajJI «CLoUif J-is- u 3 

sUj-J-flJI *Uslc (jja 4_L?ji? jj i?->-w ^ySj i 1959 ju-« uijJ J-4ui (j-IUJ 

J^jaJLj «U Lvj^£Lj 4-oUsJLI d flUa-VI tillj jj uaj»J Lua-u eaa. I^jI jjj jJI 

SjuU. L>Lc JU f£l\ \£^i\£uua ajle. fjs, 2ULuaVl 3_l£:IjLi^I 4 ILfcC-l 

.1965 f UJ *Uj_uiJI ^ 
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(j^l ^iJI liit (jlc Jjj^uJ! 4j«-a (_^jLjj i_g jJI (JSLJoJLi Lgjlji S.sLc.1 
JLSj 1 1 j" l£[ j & 2jLc.l (_Ll3 4JLli^s^I LgjLa ..u LaLaj 3 fl b se 1 I j 3 j d-*-^ 1 ' 

Structure Jcujj Sj iLil ajs>L«JI ^Jl Ijuk 4jL<ul j-^-jT 

^llLa JjJjuj 4_uLj_*_i^ ^ys\^>* t _^£al^_>JI 0jUk O-iL^ slj i-u i I g i «al 3_sLU 

jL«jjij Luij_icj 4jjjJ,!j 5 i\I i^ll (JiLo 3^Lo 4 t ^LuISLlI,I (_^aljj>JI (jLa 

1 j",< , £u LaojLc _j L^jIj j -59^>-J jj^Lofj S.5L4D <LiLiJ jdl ^jJjJI ^Ir lili j£ 

.Crystal Lattice Sjj^lJI 

^1 CjjLful Sj_lLo CjI ^j-S Sj-i^sLsJ,! 4j CjJ>j-ajl L«-a ^uLjJI (jjl^J 

J' 

J> 

ti^p. 'j k*" i 1 1 t_»;p-jjJI ''-^P- (j^ (3^ 1*^ L)L*-4^ jLui) La tjLs i4j£.l_LuaJI 

1 . .- - (7) 

<-jlji dLj^o j( (jjj «uli Ij j**» I Ls (^Jl jul «UJjlII j "i < J jusj . I 

J-*J i Jl>.| _^!l jJLa ^jlll! (jjJ La LkjLLiSl J I ^Li I (J» I 1 ta*jj J 1 a (_J I 

j_LuaJI 4iIL) SljVl j! 4L «jiaJI J^ljJ ^Jlc ^Jl I jJaj tiitjj i>Lp^ L.UJ I j-al 

Manipulation 1 & i_^>Li!!j ciiljjJ! uoLsiJI Ifla lJ^j ^U; uu 

jl dJ ^-a L^?E-aJ jftJ i^jj^l ^.Ual j_a ^Jl 4_iLu3^l * t 'a I j-a t j-a I 3eJ 1 

4jJLc jiJI Sj_L«ILa ^bu^l SjjjLi ^1 jjs £ys Sjj^Ij CjLCj Cm (jJjjSiJ (Jjji-I 

l*JJj «Gj-UaUe-aj 4jI J^sjJ (jSLj j«J ^ i - a I (jLajj^ jjjjij^jjjJI (j| joX.j?j . c 
L^jil (jjJI (jJ^ uu II J (_J^L>JI (jj-ill Sjjp j^ije-flll ^j^/l 3jlj ilJI ^jilal Jl^ 

L-utL 1974 j»L*JI ^ Norio Taniguchi 0 uu^JLuLl jjj^j (^jbLJI ^oJUJI 
(jJjVl £j'itsf,\\ Lo-^JjJSj^ liilju ^jZJ Nanotechnology ^jLJI Lo-^JjJS^ 

. ^o_a^l ^JLaj «La jj^/Loj jLl»_4^J t j^ J ) Mi*tlj ^^L>JI ^jj-ail 

i_u_l3j)j-jJ I (J-a- 1 (^r^ ^J-^- 1 ^-1^3 4 ^6 uiAj >" i 4-iSlal9J 

(__>ijj^_La> ^I^Ljj-LflJI (jU,L«JI Ji^J . 4^j-ajJLI 4 j «i I « II «OjlSLaj (jLajja 
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m>L^>L>JI i«Gerd Binning Heinrich Rohrer» jj-ajj 

IBM 4£ j uu (j}LaL«JI 3 1986 f L^J! *L)^i]l J_j$j S>SU ^-JL 

^I^l>. I i _ ;r J I jJj-is^iJ I 1 98 1 a L*J I t _ T ^ * lj * "j^ ' " 1 ^j>3^3 ^j-* 2-1 

iScanning Tunneling Microscopy c^>-LlII 0 ^a;(I cjj£L^jj£-dl j^j 
jljju>«jj SjLaJJ 4jjL>-^I cjljjd! ^a j ii/LJL! (j^aL*~}JI (j-a 4j Lj£L«_i do». 

filjJL_u 4_ujjJ*£JI Cil Ia i*ii J~ j ' LaJ (J^L». (j_a ^tlaj i-uj * )j*C < gJ^SLJLl Ijuk 

.? 

I j Aj , ^j" jIjJLl 4-Ll*11 <Lt^-jL>JI ji-ta ■ u VI ( _ ;r ic- Sjjj>-jJ,l CjIjjJI jl t m"i i iil 

.0 

JULJ ^Lol^ (J-«-»-l! J-^JJ '(5 — 1 (J^ L*u]l) L^ilj j l-JJJJJJ (J£ li JyJu>tJJ 

1986 

uj« ,V,U 

jj lji^^j^JI (jSL«j (jl Jljlj 4j^sL>. ijJLi jrj-^ (jr^ SjijIjJI 4j I j i *-> I j^a I w a 

lljj Jjl j uj ^ ^1981 aLJI Js> «Eric Drexler jJ u^Ljjj l£]jI» 

(^yltJtJ 1 g3> J *_1 JjLJI Lo* jj J_(£[j Cjl Aj ■ t-»" i (J', 1 ***M £j U3 J_a (^j^ d ;J-* J " e - 1 

. d 1 i^tl j*J_a CjI jiih £Jj i j o" i nl (J-t-£sl jILa ^ U < a j 

(j^.1988 ^UJI (j — a MjjJI ujU-Lta m$j — j jl jji («— Sj 

(jj^a L^j j»La (_^<JI jj (j-o (^Jj^/I Sj_ull 3jjjtlJI t LaLc (jutj i^Jt j-aLb 

Sjj^il S^lsjJI SjjV' I^^j drp- 1989 ^UJI ^ IBM ^^ibtj 
(JjsL>JI «(jjJjjJI » j i a Ic <jiilj j JoLSuJV u/ m w S a ' 1 1 t_j u/jj£LiiLi 

jjL ..U,,, jjic mJjjs-VI ^Jj SjLs-Ij I j 3jLc"^ «LukLilLa 4^Jlj L^SLjj_>«jj 
mJj j L^al <_3j|j^sj LjjjSLa ilJI jL» ii/ Lkjs iIijJ iJSLlI!! jJa (j^s 

iSj^j jJI 4jj^UI j-UJ JaJj .!(6 - 1 J< Atl) 
ji^ i^jV jl3_i (jjs «ULi Ltc (jLiJLia jj i nj^jj-Al (_yL»g _j 1 jdc 1 5Jj_L<u tij^L>. 

* i -»~ (_ya *JLiIlj jjLJI Lj^-jJjjSj j i eac (^1 ^JLkJI (Jjj>. jJ t_)L_JI Ojaua 
S^jjj dJJjU ^ "*'**''*' iCjIjILajjLj 4_»_tiaj L^_aL^>.t jjLstUj V Cjlj^tj 5j t 

. «OjjJaj j^Luj (jLj_Lia 
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Aj^jLjJI .lljJtl ^1 JLa-" i J (j! jolc La lij jOJ^SLJI ^JjLSJI (j n frJLb JL3 
<JL*_a ^3 fi|_A-aL>* i£j*ui c_uJ 1 ^j_a CjLLa 3jLC ^^jJI £^>.^-l Cj Laj_LLiIlI I *_) 

(j_u_ulJL<5 £)] ^^jJI 1^ Laj llLI i 4_u Li_a_i£LI I cj! ^>-^ ' 1 a J&3 j J 1 1 

(jjSL3 ^uLlaj^LII cul j£>«1! 4^jSLJLI Molecules ol 1j>>JI J£ ^1 

S j j ^j^^/l oLu^Lpi j sL^-uill joJLc (JjLij JLSj S^jLlII mJ^J lili ( _ ;r 3 

4JL_u (jlajiJI 4^aLi «j^. ^ Albert Einstein <jjLiAijT oj_JT 

oLuJp. (jLjjiJ jl iij-ll «Li-ij^ j»Lc <tjLa (j a t_j jJL La j-La oljj- 

. ul i (j-a *(_£>>■ .sLtjl — ijia. (j^j (j£L<u o^-p- idULl — ,-uJI 

(j-a jjl L7 \£L. i_al j^VI I jua . jJI ^LajjLlIl JUljj V 4j? J 

I j ui-ia ' (_^ill 4jJL>J! LiiL>.j-a ^^ji sGl j JU>. j^yi l^-JJ-a JL*J «J i4"m a fr? 
i_Sjjtlll j«j iillj£j ;SjLaU 4jjSLI.I CjLu^pJI .sLljI ^yic i_3jjijJI ^oj C^p. 

cj! a j i .i ~^JI j Lj_u£LJIj cj Lujj_ull I j «LuLuJIj 4-ul^-p-JI L^LiJI ^^ic 

SjLjj 2 ^>>3 <>J C^sijj? (_g j !! («J>SJI l5L?I 3JI J .j lajjlj 100 

Lojj i(_yla-m^JI (jj)j-3JI ( _ ;r 3 51 mi i U ;4jjjjjV! (jljLLJLi S.5^>m}J,I jjj»jLi£LJ! 

j 

e>^j^.ji\ Stained Glass Window j^HI £L>.jJI jls!^ jutLi jlb (jjSLj 

jl Uni i j^>JI j-ll j La (j-a «L^o-iLj diLi-Lp» 4j3 (_Li.l jGj mJ J llj i L#J 

LU! a_ 

jl d>j JilJI Sj_iiLlaJ Lo^j l^jLLa Lj^J (j La «j i_< ik jJI ^JLa CjLljjj». £) a 

i,.i, b m (jjJI .S^UI Light Scattering ^^aJI j_| L^£i!l 

^jJGj Ll! 2 j_&liaJI L$jl jJI (jl-^ • <t ^ c La 1 ' >^ Ls ^1 L)>^ 2jUI i_i ui^ 

. 1 1 Mi^- ^ 1 La I J^LaJ 

4jL>-'^! J_jj^JI jl JljJljJI I ai IjlSL* j aV! jjL£ I jlj 

,j-a (j-^-J ' ' ^ UJ^' »1 nUII 4_l ^Lfl La jjl JIJ uA\ 

JoLujI ^ La a. ^ a jl d L i 3ui 3j_aLLaJ J-i^sj i^j i Utl jo— ^3Lcl JjI 
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«Lu/ljjj < La w a^Si ' V LuLs ^JJ-II Lol .(_£jji-VLi I i j * a (_)£" juS"! j! <j-Gju*LLi 

jL*j!j i lujj <Lajg3tJl I (_>-<= 'j =»<-!l (jr^- SjLsJJ SjjSLU C)l m j -»J1 j i-uo J-fjLj 

LlL2jjI Juli Jj ii t— S a JjjjjJ! JoLjjjV! I JL^J d j n Utl CjIjjjjjJIj <— jlju i iifllll 

3 t^M 1 1 ^ Ljj^j i „ (jj jJI JjI jV! Lul gir ^Jl «il.'Va <_uil u/V I ^ 

/">! ^ .t-»"t1 ^Jajtj (^jJSj 




(5-l)js_iJi 

J-ULj .AjUiJI ^Ij-O-U ."lj"t tl »1- JIC Al I*" U ...U, JJL>0 (j-Ulj STM £_u/U,l 

L^jKxiS c Lu ^jfl (a&jCJIj 4 aiIj«XI .al^ll Ljlji uuj jjj^Jljjj^j ^ udJaS j>, i-Vi" m'! 3 jjV 
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^jJ * i LuTiSJJ ^_<i£LI1 j_u Lili i—tt-ilo^j jj-o LLtSL^-i 3-iLaJLl 4-alltJ&X I (j-iol j >J1 

L^£ji_i_u (^ji^. ,j o^aJ L^jI c^-^ L^^li i4jj_jl_LJ1 jIjJLI LiJJ3 

. Jj|J.U.U.a J-XC $ ^_J_OJ_<3 ^jSLjuJ * 1 L) -3 1 ^->*-I1 ^-L^->.^ 



aJjVl 2Uulfl tSiUl 

I 

Cj Lt^. jJ I LuJ 5j_p-^M /"»1 -»j . ^.11 
4jl^Ll)1j 5j jjil I gjLS-iJ LajJ 4 a jLfllXl 

i L^J 3 Sj^jJI Jjj^sLil!! ^ Jj i. jJI <jj j 

LaLc LUsI jjj uj\ t_jLi$L!l Ijuk <LI ju a 

^jLJtlj fjjl UI V I 2j>Jj UI 2jL>-!j^lJ 

i ^jLcJI pir I gji^- (_ui u/G AjjsJLkJ! 

^JLjlII J— L^jj^J t*l — Jjj 

(jl i^jl — i!! Lgjjj-c Sjj — »-a . ^jLiJI „LbjJ ^j^oJLl ^jUI 

w uuij 4-JJ ( _ ;t ZGjl>. U, o «_L>- jls 
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S j UI sLuiilJ, J^Li/j j»Lc ( __ > ^!jjtj ljjLj <_jLjSJ! ^j-a *j^>J! Ijuk jJa (jl 

JuJuJI iJT JI <JI >JI l_Li ' ** <jj Laj ' ^J^J '^O^' J " J J ^ " J 

Traditional 4jjllLSi!I *Ij-^ Engineering Materials 4j ^jti^JI ^IjJLI 

jJ>. JyJ^i (^-3 Lgjlj j 4_u«1j U ^ jjOJI j Advanced 3jsjl2jII j? Lg-La 

. 'S jLil di 1 1 1 nj 

^ jy>-*l\ d?jLi!l cj-^jI — ^ o' c?-* c^jl^ Jj hJjj — <ii!l _j-a 

(j? C^t^j 03 L)' cr^""^ ._$jLiJI J-^^ iSj — «J' J 

pJLc: (jj> 23-uOJ.I 4J — miI miII 

4j tiJjLcl La (J^J .^jJ^Li jf S jj i <a * CjLojU U lLUj ^jjJ j_31jHj 4^j-»JLI 

^jJjlJI *?Lj-<i j^t_u Vlj (?jufc LuJL>.j (^£i (Jj-La-i V? ^_ij£L!l ^jLSJI 1 gj| 

- « lS jJI t-jL^JI (j^i JjVl *j^JI I jla Jj 1 J>L>- 

. L^jLljjj>.j S^U.1 

^ ' ta seJ (_ 7 jJI £ ^-''rJ>Ti J ^' O 1 l'j-Sj' 4-uiLo Lui Jl uij (jl LlI (^^Sj 

JLcl p laj j| jj.1 lLUj J-pJ (J-it SL^jj^ 1 Ml mi" j Sj^jLLll jl jll L#J 

L^jl '(jj^^j jjg mi II pJL«JI L^ie (_^iil 5_al ill 4jSLuj^ISL1I 4^j^»JI 

Lilj^Li ,j^La I (^1 SiuJ^JI ^Lj-jiJI p-ukUIl cdia ^ JJJG 

lilj ^'-°_ a i j 1S1C Sj^Ijj (jjj lijiJI (jj_SJI (jjo (^jVI 4J ijJI «L^jjI (Jj^s 

^1 Cj^I (jjJI 5ibJL>JI « 1 jj_uaJI <j-ul jil g- 1 a -»* 3 £ajl_Lll jljj.1 O jl^ 

i_iLijjjVI «LuiLa (J^^- jj-JJ (J I J <-uJLa imJj-jSLII «Ljjjjill 3ja3 jj^VLLajI 

(j? (_jJiiaJa.il (j^o S 4jSLi u^vlSLll (_>c SjjJI <>jut ^1 clij? (^jJI ^LH^J-^J' 

jijl pJ (_gjJI it_iLjSLll Ijuk 3«lj^ (^yi '-M>t! , - u -° <^^jl i.n'tl i>jui 
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UUi?t i jUfcU Mil :ii\k\ 

I Jj!** C"^' '^H^Jri-'^' <J-" "-"^l 4-uiL>. <— i-2j (j I ps->j£L!l ^£jL2JI 

jjjs »1 o ! y W 4jJJ l. < rto La 4jJU <^ J (jTj i^jLill l_L>.jJj 'iK" 4-a cula 

3-sUI 

JLy" i nl (j-o ^ (fi M V C^J->- ' LuLp. I j i I o (j a 'jj-i jl^il lS^P 
(j-a (_dJi ( _ ;r 3 ;j* I 3 a isLca^jJ! I "Lp. ■ " 1 1 La >■ 1 (j-a 4JaaJ jlj U 

«Lbj (jl uijVI ^aLSii *l ^iij ^ I jjiitj ^i^^l ji^-" 3_o.Lua .si jJLI (jf 

, d A I" A. 1 1 4-p.jJ I j 1 ; , ^tl ,U"tL ^1 JLa-"i i .il j ^Ljjl 

.S^LJI (j-a (jjajiilll ^Ir j L-J-caJI tiijLi lm] 2jj I Atl ^| jj,| ^ ^ VI ^Ir j 

<tc j-lUI i_JL.aj| CjLjEj-ca ^j^a I gji JLsJ jJI -Sj-aJI ' - 1 I (j" i-uJ (_yill <LuiLl!I 

(Jjjdlj 2 /i i ^" t I Jjjdl ( _ ;r 3 "j j taj (jLa i Lj^o_< .-u CjLalj.c.^Lp' 10 (j-a J-S? 

Lal jjL ^Ip' 750 (>a i<llg",,n 4j>LII 

CjLrtjJLaj CjL»-jjx-a (j— a jj^^L^j <-uVI Ja -i * II Ijl#J JajJjJ V 3Jj.} 

<A tb *'\\<f< cuil Lpli aJjjJI J ^1 v c^L>=ill.l <A L3 

CjLajSL». SjL^a (_£J^a ^ L: ^^-2j <_Jj '^l_>^ ^* t J-^JL) I J ikj 

tlajjJI CjI i-ul j > n Jj* flJj) 3j£jlj-a Ltajaa. 4^Lp- j J (J_3*^' 

jlSjjjl I J 3J~^J~J L^jLbV «LicIjLlVI CjLjlSLaVI I A^t-^j" 

J)^_iaj ^ J-i^ cA^" cJ - *^ 3j3-Laj_a fiU i_uJlLA djLjj o c ^ 4IL) Jl>. Cl L-L>.^aijj itSj 

d j 1 , ^ 1 1 LjjL%ILLa 

i a-^ lajjji ^1 (jL-uj^U sdJI 4_uij LgjJI juVI j-iSLaill jla jlsj 
Jjjuijj I glc I j i a 2^1 clj 5_al »1! 4jLs-Ijl1I ^jJjJI ^Ir 3 i «ijglt J >-jCij 
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■ 3j r .iL-uVl S.iU.1 JSLui ,Ji-l ^ 3 1 i^LLa (jj^j jls j ' 4:11 'j- 3 - 1 ■ 

4jJiJj (_gjJI A^il JJJ-II i^Jba 2 fc»-»ltl tiJJj jlLo £j| u^VI tiJj-if jLfli I jJ 

(3 ! -}L*jIj I j La I j a» fCjJa *"j 3^1 U . " < I A i £yl i-ajo ( _ ;r 3 (_}r>.jQ]l Ijuk 

jljJtl pJLc ^^yi <-a]l JJ t—" 1 1 .}Lj9 JL3j . Sj^jLjjOJ 3jUJL>. 4 J flOJ t—"' 

_^l oljJLI c^MjLc: j^o u !J Materials Science 



^lc (jLujVI j j flla 4jljL±J (^jVI ^ jaj&UI JlIa LgjLaaj t—"' 4j>-Sj O-ljLjjj 

JJ»J 3jJ lijJI CjJLSJ (jy^ SjJaUjJI 3Jj_L<U ST J l^-lla lj_pajVI ^-La <-u 

<LajJLa t _^£i LaJ u L#jJI Lij lu! (_^jJI ^j-jSJI 4_Lcl_Li^aJI L^jIjjj J)-^"" . 

(jjj uutJI J>Ls- LloLlS ^ jjVI p lag f oljjlll lillil (jK J llj 

Liaw jJ jJSwlJ I » I o fts (j^LtlLlLa (j^ J J T ^j?e_L) 3j_l>.VI 4J c-u 

jj>.L) (j-ujJ^. ilj-j_>.|j . «Cj VLt-ajVlj CjI aj 1 1 1 1 Lj_>.jJ j_t£[j » pj «4_j^j_>JI 

3jjj» (j5-fk^ (_£j_tfu_iJI ^JjLlIl ^^j-S Sjjj p Ia C V PJJ7- dJ q\ (-aj^/l (jlcf 

4j3 jjlijju (_£J II (jjjill IjL^J lojI CjjLc? (j^ill «J iLjJI I -L>.jJj_i£j 

CjLs-LstjJI lilljj CjIjjjJI tfJUi (j^J .«j-iLiJI I .iawjjj_i£!j (jj_2j» ' . 'Ala 

S^Lil (J < ."i" (j) Ljj^c (^Sj p-ia oljJLI Aj , U~ / - , A~ A~ 4JL^>IjjJU 

*L«1*JI J^3 j J S_c Ji jij (j! <jLl3 «La Lai^LlJI j j 1 ^ flJ (jwfl j-j^^I j-J->JI 

. LyjJ t _^uj i .i -»JLI (_g^m pJL«JI JlLaj L^-ijSD liJJij i(jnlL>.LJIj 

tiiJa- i5jj ifLill SjLbjJI *l_b ^ JjVl 0 ' ^ J>»il *jUI J *jj 

j£^3 (jl J_Lo 4-ujjjtiJlj 4 jux ill «LjJLkJI ^olj-J jaitxis^/l <L>.I ■ " H Jjjo 

4jjjl_(JI jljll ^jieujj/l (j! (jJI jjJej^sJI J jL«.Vl j»l jiej uil ^ (jl u»jVI 

. (jjj-jiojtJlj ^^L>JI (jj-ill SjLtia^. ^_Lt-a 

(^y^j 5j I Lcaa*J I £_u-£5 ^5 SjIJLI 4 j o itil (^JLo ii?Jjj^_u i_u l_4_4 LlI (j-^-AJ 

iuj i ga ^j a* 4^jjk-«j L^Ai aj (j-« JL) V IjLA ^j-*^ * L^J ' ga ^ »j p_oVI aJuij 

'"^ A j ,T^"tl ^ s L^jL>.j^t-a (j o £_£U_b (jl ^ 4 ■ ^A"tl 

(j£. CjjLj^ .S JL^a j_j i --A" ^-i-a j j-a JUiS tj-aVI «uijjia* ^ 3j .4 A I" se 1 1 

^j^a fi\Jjj_La 4 1 1 nl i n ) Sj j < i ^. CjL^j u> (j-« 4_tic ^jj_>o L«j SjIJLI «LufcLa 

3ia- j-o »1 olr ' A h^.l l 4 T ujl»JI j 3j>S1AJI j 4ui , „lAlI J ^1 jj.1 
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uui?t i ^jSi uii 

. 1 cj! «i i .i jljjl>o ( _ ;r a Lijjjj cj! i .i -»JI 

SjUI i OuaaJ j "j CiLSuluj^S 
^tjjLi (jLa njl£LUj (jLajJLi dis^Lcj (.S-^LU j«_IL«JI l-aajj~u 4j^>L>J! (j3a-u 

j»Ijj>.VI j i n" i aj^J aI — > 3? I l-Llj^tlj ' "jf- ^1 ijijVI I— (jl J_Lo joJjlI! 

j^jb r U A" -ej J|j La I jjt Li-ajJ i£-<-uLJu]l sLUaAJI \jJt ^jjs 4jjl i mil 

.0 

i4_£_u-u}lSLJI «Lj-iiJI (sic (j-u i-u>a ^^i' (j' uii)}\ dilj i«<j3a-u <J^ i-uj» 

Sjl£Laj Ijl u f I p t?«f VI j q i", ji^VI ^^LjjJI j (^Ljj-LiUl joJLkJI jj>j c^p- 

j»ljj>-VI 4^>- Sr^'jJ L5- S ' J -" MJ^ 1 dHfcH £>^"' iJ^LtsVI (_ylc. 

i LCjuLCjII pir j (_LaLdJlj J adi I pir (_p u/J^s j-4sj ijjpJlj 

. 4_ujL>JI ijj- 1 ^ '-^> c AljusJu 

(jj^jj ,_jlj J 3 J . (jLajJlj (jLCilj Sjl U '• ( _ 3 -fl> CjMj ^-il 0-1^ C"^- (*_9 

*Lu-2> ^jyic Ju». ^oj 4& i_ul_alL«^ 4_lL-is ^\ lms>- ] L^j I 5jl II 

^rib Sj jJI (j! — (jJJJJ (_gT — Jl2j£.I La^ . 3 iil"^e-l,l jiLaj».^! J Jl£^ i VI 

.o^La 4_JJ p i n a n jf (3^-<u jJI i_gjUI Cr 2 O^" J 

( _ ;T jjLJ I J ikj 

4 t i 'o j (_gjJI i—ijjjilll IjLai CjLjj_^j£L!Vlj CjLijj^ILtlllj CjLijjjjjJI (Jfla 

■ j Mir (jj/^LjiJI (jj_ZJI j^i-ljl ( _ ;r 3 (jJ^J-i 
4_i_b^ 4 1 1 1 o S^LJLI fiLi-£sL>JI «Gjj-Iiij ^ Lc ^jj^jj a i <q f JL^^ 

p U o j (jj Ls^Lal J_L«Jlj LgJ^ lojj (j^ill =^-12 uiLUI i^jLJLI u !J sLa_iL>. 

Cu> t «Lu Lj^-ull I ^jJjlII^ Q^£L1L) ^ 3 1 *" \ I 4 aj i^LLa^ «j_La ■ "jT" j j j uij\ 
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360 j»Lc (^Jl £>JJ jJI l^aJLS <>a - ££.sL4l " 

i^LcjjlSJI *Ljj_u1JI j<t;uiLLoj i^^Lj-o 31 ( _ r a <£jljJ! j^=^>- — <_j^s 

i uli 4 i nj (*\ U ^Lujlj t-tjO-^j C.JI «i~ i .i I I 2jLl*j J I £JJ {j-^^ 
(jj^jj (j-ol JLSi IjJ . LjjjjI 4 i^^ill j ir^rj ( _ ;r La ,-ujJI jj i ^» < 1 1 J^Li. 

u^UI ,jj£H 2LJ3L3 

. tfjLjJLjlj 4jLl3 SJLy" 1 n Ij 
4-i-uj jJtl 5-La-g. I « «LoLU )) (j^JJ 4-iL-al3 LllJ w"i '(J ^ I jUaJ (_j-^J 

«QjLj ^«IJ-lkLio SjLC L^>-J-»^5 l.'iT I IIJJ «Lj-LflU iCbjL>J! 4-lSLl .-U^LSLII 

( _ ? i>.j jj-a^JI jjjj (j-ujja (Jljla <LjVL»-jj j«JL*JI J_aT 4_ojLLs 

^j-a 3_sLU fi\JLuL>. Jaj^JI ^jlc L^_i (j^j o^J * Uzi) fJ '' t ^ Q>-^ 

^ jl ' aji fj_dl ^1 I jLu uil tilljj i4j 2jjj».jJ.I (jLSLU J f (jl ajJI J <t£>. 

<Lc.Lli^> CjjL». (jjj .j jJLu (j laj V L#jl_!j i3^U,l A jJjLj 

JoLSjJ! ( _ ;r 3 Lkj^>.jj (jT . .. ia , d j A , ..lAllj 4_i.«U-<J I «LujJlJ,! tiilj ^£.iLuo 

j? 

i - Sj jJI— oLij i-o^. ^ 5Ji«II 3jUI (j^l i^/i oj^-" A£ • 

^ dUj£j 'LSjIj "'V "J)''" 11 S^Lo J g" • 

.S^m S oLloJI d j , ..jUl i» II cjL>-jJkl 

^jjI^j-^j i_uVLi ^SuCu ^j-^l 1 *j 1 u c I * tiJ Ilij t L^-aLal 

j? LgJjjllI 3 jolr i^jI gjj>.! Ca !l ^1 jjoVj jlj j 

L^jj 1-ulj (jJ^J-i CjLjjJij d-^jv t _^ T jJ I i^Jjl JL! <La uA$ ^^yJt aJJt iZi-i[£ 

tiili (jjs rfuijJ! (j-l^J -JjjLj j' <J-^ jLjt: j L?' (jV^ ^ «LiV^fl (jLuia^ J i.! J 
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UUi?t i jUfcU ^jiil Uli :!«UI 

4ljL>J! 4-uiL«JI 'j j-^t| ^Lso Jju 5Li^sL>. i4-ual«JI iZiVI sJ.1 i "l"^ a 

^Kelvin <>iKj Faraday ^Ijl a Jia i! jtaVl *L«UI ol j i^. L$j ;»l_a 

cijVL^a 3 ^IjuVI ja^iLoL^JJ Ij^-jj ^ iHerschel J 

4_£LuLSLujj ut>.Vt 4^j^- uiij ^ eJlaJ 31jL& tljIjUol dil j 3 

Jl n* M S-liL^j i3 atitil jll CjIj j (>u 5GjL>JI 3 jjLuijSLI! o}1 cLalll 

(j-o lili j I — o (jJli '>*■ I Cr'! f 1 "> (Ih 0 * J-^aJlj *l — i>^"j <>j!j — 

(jjj^J! J!>Li- 4 j i U II - UI L^j ^ i j a d jjLjj_i3 o la I 

(jLajJL SjUI 2 a}L*jj iSjjJLi 4j^>L>JI *LaU! ^L_^l 

^cj 4_u uiJ mJJl!! _^-a^M i(jLa^JI ^j-a jj-H>a (_J-C >J>J La Jlj— La (jLSUIj 

(juljjil! lilfc (jf j JlC £. Lj/Lil! (jjJill (^^3 CjLlUdLjjJIj *Ljj_LflJ! *l alc 

( J_*-£S^HJI f£u Jl9 ^y^II d J^jj J^^J ^ J*J Jail j LaJl ^jj-Lc- -i j ^" c_3j_*_u 

(j iij 1 iiIj sdiLalU! JjJ^ mu 1 1 *JL9^ CJJJija- jjLiuJ (jl^ Ji^j 
La i4jSLj i-u^LSJI (jj^jj CjI j 1 <^j-3 |«-><J J^atj 4iujLj>JI «I jj_LiII j«-Lc 

<u\ ^ 1856 (=.Lc: ^ Thomson (jj^^^a £J1 ^«JL«J 1 =CLul 

J? 

O-o. «OjIj V cGJb^ (jl-3 tcLuj-^ 4 Ise mi \ La p t m-*. £jsz-uu La I jl 

dJtS^ CjJ- LM - a J^ ! ' ' " J * ^ J"i3 tj« cu^JI lLI^^^o «Lij| ( _ ;r 3 ^_l»Iu L^jI 

(j^_>JI tiJJ j Jtiaj . sG^j^s. «Lcj_<-u S^Ljj ^a - I jj £^ H (jjJr mi U j« cuJ>>JI 

UJI 

L^is Lilij ni^i I — d tSLI I « Loj t _ ;r a (jj ^jj I j xa — 

.(j-aUl jtjjLlIl 
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1 ta3> (jr^ (J-A^- 1 t -^P* 4 J.!'^ 1 j LjjlI 1 *J J 3 L>. LLa j "•<" ^ya lili 1 I 

iSjLL! 4_JI p < .. ^ *" ^ji j^SLs-i ital 3j jJI ^jU jljI i_oJ! jLSU^VI 

t—ijLjtilLi O j-ilj JjLjJ! ■> j J a II i_i!l j SjjIjJ! 4jjL*jj (jj l^js^Is jjj jSaJs 

CjLij lji^. <lcjjaJ*_o (j-o i_aJGj Sjj-JI (j' (j^'j-^'j 3-1.5^/1 j<uJl2ILij 4_lUj<JI 

Protons oLi^^JI ^Electrons oL.jj^JV' u)>"j ji^ll 

. Neutrons Li ^ I j 

^jld! ^jj-oill £. — l^j ^1 ^^ijl (j' o — '! U-^>'>>-i «j j-" 2 — "'b- 5 cr^ 
SjjLiiL tiJIij - 4ilii£L!l 2juj j, Sj_u£ Central Nucleus 

oLtLuo. Igh-.J Orbits 

cjLl^-lTu (J_4->o ^y-^^ cj Ljj^IiSL! ^ ! ^-«a-t-uj tjij^^i 4_A_u2j>. i^L»j>.VI 3^ j * ' ^ 

(^i^ J-«-«j Electrostatic Attraction Force 
. Si jjJI tiJIa ^ jjJ^j 

4 j o ^ ^L»2 t_uld L^_j Cjj^J_u < "'l Lagje rt I^L%_i uiUj JUlj O se i ( ^ I 

diLjj^liSLIl ^«jjiLi 4^_jjj«J,I _j ij_ji.^/l 3j jJI j I jLa (^^a cjLj jj^^SLIV! j _j 
^ L^SjLc j^ki Si SU.1 AjJjJ lJLIj Valence Electrons j aK-,t| 

j\ 1 n . 3 jLaJJ 4-uLl»-iSL!I I j 1 ^' (j^. j j j «" I Ij 3j jJI (_JjiL*j 

.(2) (cSjJI J^L^ll (*) 
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UUi?t i jUfcU ^jiil Uli :it\U 

^ S^tjl uJ\ «GL^pS-W (^KJ! jjjiJI ->JL=i^b <l> I!j Valence 

JL>-I_j jji ajj Jlj-LtaJI ^sISj (jl ^llLa <Jj-2-i ij-ii-VI II isjl JLa 

j-ils L<& ij_p»Vl tfjIjLa JLs-lj (j^pSJI _5JLC .S^-jJ illljj 1^1 

. «(« T» 2— 2 ) MitLi ^jua 




'iLcv^d iU^S j^a j_a 4iiJ^ll i(dlj) J< iTiTI) 1 (g" ( n 3j_\_JI ^-SL^o : (1 - 2) mi T I 
j»Uaj l2Ull r n T t Ljl't i h T I Cj\ j LjLjj^LSJVl 1 ^ i^jjJLjj LjIjIjLa 3_L_a_a 4_Ial^wa d 't ih T t 
L^Jj^JJJLJ til UW j ' 1 Ui t 1 Ala ^ jjt f ffLJJ) HlTI) di m fl |7|TI 4— fc^.0J>m 

4jruXI ^j^JJIj w ui*£tl\ fij i- ' JI L^JLauj l^LsUSj L^aL^^I ^ ljjLlu ^SI^JI j_a 
3 JL£ 4jj j Ljljj^tSU) lit-i jw i.aa>aJ I j^'»^ iUj-J I 4-l L J I ^wub^j d (s iTiT I 

faljj j ■ a i - i^V (jjLLo-^J I lLj! Mi'itl JAj^Lj Aj ^ jjlj nIi^tcLaltl ^ ASjl mi o 1 1 fl-iiVl 
jl -ls - 3j _t_U j-J>-VI jl _dl 3i$^k$ll LjLij^jSJVl jjlhJ l ^«jj ■-'-"j «IC" jl-iJuo 
4jjj jl-La J V tillia. f»$ji4>aJI 3ji ^ ^fc LaS .^ISUI ^jla-tj Jl JLa-ja - ^ISUI 

j 13 i3^>.Vl j .--»•. -ti 3jj j| jL4 Ljljj^jSL!! UJSj . j_>-Ij (jj^ISJ! jjlc < 



(6) 
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t L^J ^ * * S n Cj Ij_j ^ir*> j (jj j_u (j-^-i 1 ^_L£j ^aJ ^jy^i-I i 4^Ljj_LdJ I 

1 i >> Q 1 " a La>j_; i a flj *L>. '^W>tH^' di^\ ' * W tiJJj j-% Cu\ (j-a J 

I^^Lpa (>!_> j_u£JI jsLuJI Ijuk i2_uLj3-J-i!l (j jjjj ^LiSLj .-u!>L£ £_a 

3j_aiL!iJI) 4_ljj_iIs jj^SL! I j_uGJI 3j_a>LLij «u , *» "jj ^SUI fc» *tl 

I t n-*.^f Li 4-i^sL>JI 4\]aLLaJI J^jj^ ^ J ^ w * *° * " J o jJLuLtH 

JLaLUJI (jl lj j A-,<l l^U JlaloVl (j— a_Li-l .J I 

4jx-£l) p ( n->J| (j_a Sjlill cQj_i_Ll, I CjLjijjjSLlVI L#j i n'i'vl (^H-" 

I ^ 'K tj — j . 1 1 a i j_a Lojis I j i nLi3 ~" V (j*Jx i h" I 1 

(j t (j-a (jjj_u 4-JI i_ i ito La <_3^Lje_> tiJJjij i4 j^j . >»tl CjL>-jJJ -5-ij3 £- a 

L^-il ' d j\j ■ tl CiLvj o U (_ ;t jj.jJU (JjLaJI f^j^S^Sl} -il-i^J ^1 * '"'V i SjLii 

. I j » a lj . ,.<r I 1 1 u Lu i. 1 1 .iLuj 

di LaJ i-u-a (^1 s I a W 1 1 SjJaj (j^ J-£*-^ ^-°J * ' <J Jui jj9 j 

( _ ;r icj . 3JuJl>. 4-LaJLc 3jjj (j^VLcV (^j^/l 3jlj_JuJI 2Jj_La-i (jj£jl! i(jjj_u 
1 rl i^>J (^ (jjj-iii^ d jJJ i_<_ao La (jl (_£jl (_^-i->L9 ^ ir-i-T: ilJI (_J_aj i-u-U 

j I 43 1 j 1 ^->>3j '^^t! ^!vLSL!l jjjj_u (j-uIjJLi o >.Ual L^jLi SjjiJI & 

(jjj_u 'j w 4 _ ;r jj5cjJI J-i^ *l ^"La cLaiaJ L^-JJ '"' 

4ji!L»j j«J (j J (_^>- iilil j i^LjJI j sLoLj^-J-i!' f^-^^*-" 4-C.Luajj 

j fllj Jl3-S I JlI ' ^Jj lo-lJl Lijl3j_iiJ I tillj (j-a j-jj^ jl a * 1 |J jlSjjJI 

Cj«iL>. L^jLj SjjiiJI tiilj 1 'a ' * 'j Lfc^ ^-^-1 (j' fH>^' L?J^-^' c?— " 

£jLuiJI (juj_5JI (^ji 4jSLi i-u^l£L!! (jjj-u cjLUsIjJlalj diL^Jaj ^j-- ■ ^~ 1 

i aglajajj ^lL-cTJ I j d jjjeIJI J^L>. £ys tillij ij iIlC (j^LiJI j j iIlC 

^JljI (jl j 4 Ac O il^ La-a IjjJssj I 4 jiLaji-a CjI jjlSLal 

(jjl" mi 'm T Cjj_jJ| tiiJI joJLtll ' a i . Cj LUs IjILa V I tiilj (jjj-U 

i _ ;T l!l jo_uiiLiI.I (jl» Jl a <j^s- iSjLi- 4jalr Jij(j->. (j-a (jJJJ-i 4j ^al a U. 

Jl9 (<^j_l1I (jj^>- «li^rH^' Cr 3 Li^^ulJ Jij-5j CjJIjLa (jjj_u I aijjJa 

■ j ' ^"Mj ^lj^l>.VI (j_a 4_5_>. (jjaju 
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UUi?t i jUfcU ^«ai Uli 

j^bJI o>l!l L?>laj (j? ^ Max Planck «liIjMj (j^La» t <ij pJ 

4-uLj^-iflJI 4- t - t -a ^ J I £-j_aIL>.l CjI i_uL>. ^j-a 4 i_aL>. <J^L>. L^j?cjL1j ^^pa^-C 

J' 

. 1900 ^ SjlILU.1 njr>J f3^j«J' 2_l<u.>1£V 3 *jLl!! 

SjljjIs j_i ■ u-flJ 4j>-L>o lilj^J-j jjlc? 1 Ll! I 3 i .il-»JI ajui Jl^Li- 

(j? jLl^.1 J!>Ai- (j-a tilJij ;SjLaJU <Li . „j U I j<ll cjL»-jJ.I ^L» jJ 

i_iJGj LgjSLlj CjL»-jja ^j-^-a C< < n A el[X\ p > n-v. jj-a 5j.iLu3.ll CjLcI < 

(j? (^lc o-^j-? '^p* 'Photons cjLjjjjjAJI p-i^l I gjlg JjiiaT cjI o j i ..-v. ^ys 
(S^3 ' *J ^ Lta ^i cjLjjp^AJI jjlc £-a Loj-La Li i_ul_lj l < t uLuj ^L» i">^M SjlJu 

SjjJI «laLLs (jl sLscjLjj i " 'j j La T lili j£ .o^Jjj ^Ir JUjjjij (jj jjjjLll «laLLs 

I jj* JLs^jj Sal Uli CjLjj" i ,i a SjLC ^JJ I j -i j ■ ■■ 5j ^j^-a-i <_)-> i d 1 1 a O i uji 
4j i i nill 4j^Ji-s C-i-a-g N . CjLjjijjSLIVI (j^^ jJu*al\ 4-ukl_LLa CjI hw^v 
jj-a Ll^L-uI L&j C^sus-us (jUl j lilj^Li jjLlj 1905 flz. (jjlJ £al^ 

(jLSJLI j o^j-" t>v jJI <2>L«JI ^ 4il<ill.l (jjj^j d=l jial 

IjjJti (Jj <«GjIj jl «liLLaja i.'i i uji CjLs^Lc L#jf tjjt" ni ijT Cj-ijI jJIs <3^U,!j 

"(8)' 



4 ^ 4 J I i n ) 

IjL* tjjj ^j- 1 ^ "i-t-sl OJjls ^j-a^ tiJL^L) ^j-u^La * ljL>»-) ^-^Ljj dJii-a JL3^ 

i^jf Ijolr Laiijj Quantum Mechanics p SJI K j'^Kj^ Sj^fj j>Ld 

jJ^i-J "'IMSLl! ^L^-ulll oLjj_laj ^ j— ■ aJ 

Cj L iL o j l! 1 jJL*-a Lifcjj_)f ^j-a ^jl^ 3jJ ftj-a^ 3jL)JL>. CjVL*_a ^Jl ^Ljj_uaJI 

pir jLcl^jj (jjij loiGj <jjIj_>JI ISLlaLljjlJI pir Jj^I JL«j (_^lJI <jjIj->JI 

^.a «Quantum p£LH» 4^iK (jT ^\ Sjl jjfj .a^jj^JI l£^aLbjJI 

p-i-uVI IjL^J Sjj lo-lJI sLl« ijij j^>.jjj i«sLla^)) L&LLa^a (Jj^^/I sUjjjV 

jaL-u^-f jf p ui^J I j-» m" j| j»l j^jJI ^jsLLaJI (j! ^yJI 

^_Lc el«U ^" <■> ( J_SjJj L^jSLI^ t4-L ^I^ILa^g 3>-aJ i-*i-a Sjj i a ) 5j ™ V ^jj>.| 

(_>jj-alj-ii ( _ r 3 £-i-uLjjM j_>.jJLI (jl l_< ljis-TjJ .p£DI ISLuISLlcj «a lll 
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i Lj^-^JjjSLl!lj j»>L«-!l £>^' J^-*^ Cr'l ^tH'^-^' ' 5iuJL>JI >Ljj_LaJI 

Sjjj — L: 4ajL2JI 4ibOr»JI 3 j^U;l ,l cljL_jjJaiJI O — u±j^G itu^ 
^Llil ^ j LajJI SjUi!! lL) 1j (J^ii- j S (jl mil (j-o (j^J (0^3 ijoSLIl 

j»^' I ^ i_sjjjlU *U>^' f ^ r l^W^J o" 6-° %75 6-° j 

<_ ig~m ( _ ; ^la-J!j oUII p j Ls I liuj p^LaLtAJ (jutjLaJI (j^>-LJ' d i o^J 

i ^c, l_Jaj J-J^l £- Lj T ( _ ;r xk>LU (JJ-2JI (j-a I c\J u/ jj^ i u <i -»JI J^ii- 



3 



(j-a (jj-il luJI J .^Atl 'a Lj^i I 

juij j . Molecules ^LijjjJLi i_a jj3 0 "H 

j^^ia djt_u (j Uji i .si j L1 CjI C 

( _ ;r ic j_aU,I i_ aji «J! -1 j gj I «JtLoj 

Sl^y ^J 1 ^ J 1 — Mampulation jjSj ^ 
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Cjlji ^ j h i" S.sLc.1 I gJj^s (J^* - ^ ' '-^J-' '-"3 

*£L=eJI jjj 1 1 ^Lljjjtij <_■ &MJI j Atomic Arrangement SjI U 

Grain L^jUj-o. .sUjI (jj»-uULo j j » i j^Ja sLiii.! jJ! i jKl j a 
iSjLs^l jJI SjUI c^e-Usf j la «j (j^aj .J^UJI 2 j ^SJLl Sizes 

J? 

Atomic j I! s UJI Lr Js joSLaJI j a U&U3 ^1 S j uijl Jj uJI j 

5JI j^Ij^j irjIjjJI i-^jjj ia^j jjJ^j j iSjUil (JT ikl jJI Structure 

^j-Ujla ^ 5J5Lt S j_Ja (j II tj jf U>i .Crystal Lattices S—jj^iJI 

■ ajlsej (^Jl 2 Ja -i ill j .uL jl jll qm 3 Jj Jl». ^1 ! J^l jjs ^1 iTuf j| j U 

p j flJ ^LaJI Ja pJ^J • vJdJI .il _J,I (j o L^jIjjI l^ial 3 

Upljj i_^-ujjj S^UI £ LuJ I * 1 j a5j U^ljjl (_g ) ftj L^Ll>- jj jjSj j jjUII joJLc 
I ( _ ;r 3 Lkjs »" i ii l (j! ( _ ;r 3 j<uj£LII i^jLill j-iy J-o3 IjJ i4_lL>.IjJI 
i_4jjjj|j £LlL>.I jJI I uj SjL—U (j-al JoUjjI (_f J-a t_iUSL!l (j-a J naAlI 

"2uLl[jL^jjS3\ JaJtj^Jtj oUj^SjJt 

LxjIj iSJjjtla 2jj i a lc jl SjJij^ Sjjj^s ( _ ;r 3 SjUI ^jljl> ^J-JJ L° Ijjl— ) 

dJJjLl 4_j^aSLa 4^jj>.^I ^ l^UjlJI dlljj ^jja Laj^lC jLStLu (jl ^ II ^-^>»J 

jjj 4jj jdl 4jjJaJI jjjaj (J^l >.j . CjUjjl». (jja lJLjj 4jjLuij^ Cjl_j£j_a 

4jLs.VI cJI£j i4jjLv^/I CjIjjJI J_i£. 4^.jJI «juk jjjj (.m .i js^a JIJjj/ 
5U^)L>JI SlsLUI rftji jl L4JI I j 1 1 aj (jl ^yfl Mj>U >UUI Jl^I>.I (^l 
«Li^jLiJI j«aSJI liJ Uj 3jjLia iA a-LgJI ^3 Jjai (jj 3jjSiJ,l CjI j^jJiLi 

(jjJJh i (^Jl Lul J 4j5tJJ j i^sUkJI i (jl (_5-">J I J-Aj . 4j J^J_flJ I ^liljJ IU 

J^Ua j! a — II Uj>=J J>U» o- 3 'l — ^I^LL (j^iA^j jl j_2^_ 
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j? 

j<u-uLj i—Sjjlj Jajljij (J!>L>- 'J-^' J T J Lalg i (jj 1 ^LSj^?^' OJ^dJ 

oljljll oLijij^SLIl tj^p Chemical Bonding a_uLu l _ ! SL!! J^jI^jJ! 

4l<i/LiII 4-La-il j_!t JjtJ j . L$-uo£i ^ J-^M (j 1 "/' >" JJ ^ i«H 3 >tP-"^' 

JlJJ^I^ (jJoSjtJ <_JI mtl jjJSLII (jjjij i-i'^jJll j»J Jlj) ir-ill (jjJ! (j^ i 

,j-a diljj 3 HoVl j j u<? JjUlI.1 - aUlaJ! £±a - J'j'^ 11 

.Ionic Bonding ^uijjVl jJI Sisjjjll iLuL^SLIl JajIjjJ! 

4_uLl»-i£UI j i^sLlkJ! CjLjjjI (j-u £- «-><-> ^^'jo" i^SJJti (jV tll 1 jj i j iLJI 

jj-LaJI 4_j_aI_lLo CjI ^j3^>" ^-4*-^ Ot^" ^' (1)-° L^J-^*' IjJ ^ i-dJjLi 3j J^_a 

Molecular 2luj}jJI oLcl Ll^JI ^ 4j l^L^V! *1-uJI jl^-l Ji^J 

.^jLJ! Ll>.^IjJSOj Si^LiJ! Manufacturing 

L^j-al^i-j I fllal liij JljJl^j ^ a^Uil SjjJlII ^r^' J^A^ Cr'i ^ aLjJaVLi 

4 i 4j_jyL ,J5Lui (Ji-1 j ^-iljj p j U r. ^La i^LuLlhjSLII j <LuLjj_iji]l 

JljJl>«j L*^-«J 1 j i .mj 1 1 JJ a (j "'J 1 1 <j^' ^tH^ duliJI i-dlj 

£jjL2jl ' _i ae La ■ a t (j f oJliill J LaAlI (j-a *>->'-! I I -ijTj • S-ll 11 

CjLlLuJI LilJj \ ^Jt-us\ <LlL-£sJI 3 1 jJU ^-llj^ (J "J-tJ ' \jt-A j__y3J.SU i_u_Ll 

I Laj| J i i «j . ..j . t j i ^Ij^-j a n! 1 1 i , ,, < . MJ^oil I JJt jjjLjj 

. L^jLu_l>. jLjuI jj-ujjLS-c-J 3_^LoJJ 4-alHg&X I ^_yz\ J >JI JaLujI j-jj-jjj (J_lL>u 

Crystal i^j>LlI1 5^ jii^f Jj^lii jj>^1 ^ («jj^I s-^- -Ai 

(j^s Sjj^La ^Liej (ji^. ^>LLVI J>U. tdJjj 3 il.^ll ^i! (^—3 Structure 

(3 2,1). _ t t s j' " .j' 

Crystalline Sjj^IJI jlj^i! Single Atoms ol jjJI 

(j-a Lg3Llj^ j, j-a 3-2-Lijj 2jj^ cul^M^: j.i^ (jV 3^ A . . Materials 
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2 

iJI j! jJL! olji 4 jjuj U 4_i.a-i.a_>JI cjI ja}L*JI o lut, ^ jLjjj 



p_i_uL> p t^" i ^ ^>o^&_aj ^Llaj ^^y^ ... A J a LiaU 4_c^-) L) -0 
«OjLj sLlcIj^ a-Usl^a ( _ ;r 3 t^liljJ II 4_i3 i kLaj jJlj imJj^IjJI ^1 LajJI 

i cdli .Lattice Points Sjj^LJI 4SL, jJI isLSJi ^ ^ 



^ j^LfZ Single Crystals S.5LU ^ cu\j,jJLj aLla, u 1^. mJj jJI 

Crystal Sjj^IJI JSL^UI ^Jl ^-«01; 5 0 U- ; ^ ^ ^jlLa Jl£ i? 

2L,^'a L^iu ^ ^pJI j ,( 4 ) LyjJ a^jjjll ^1 ,„U Group 
^^23^11! Skeleton JSL4JI L^L 4jj>LJ! 5SUA1I iJyjju ^ 



dilj^aJLi 4j_u& (-;r i^. -il JJ l__a I j jLjj 1 jj£jlaj jolaiLa JS^ u±i di! ia 

Polycrystalline Sjj *ia ^Ij^li Sjjj-a (^,—3 oAc j^>.£ !4_j.>U.| 

.4_)_iL>.t Cjlj^ol) *_a_>*J jj_a ^ £2-1 

4-us L>J I 4_jjjJLJ I 4*\ 1 udJ Ltta-tlajeJ I a mij 1 » 1 — 3 ) (JSLtllJ I ^ '^3^3 

p ij I jj'a ^lllj i taj • " 1 11 i_i*SLU d lj , ^At 4j_>l_lll ^_^Li*JI JL>.V 
- La-laj-La I j i oJU-A M^-^j LijJju 4_i^Sw4 t^'s i mi 1 1 JaLaj ^J-C CjIjjJI 
, M "i j , n 3 ijj^jJtl J's mi II ^1 I "'j t^'< La llilj .sLc^LUal *-J-aj>- jLt-l? 
( _ ;r lc (Jliaj ijiif^! CjI ut£La SjLC jj-a i—klLjj i. _i a 1 1 ( _ 3 __1SL1I .i^JI (j? 

L#j ^ Ulj UnitCell SL—pU-Vl 4jli»JI p ^1 Lg-La j ^.I^JI 

La^j -(^Jl ^LSJI i-uJ 3rtU"U 4_uljjJI oLi^aJI JJLj»o t;r lll 4_pJI 

4_tLiJI ^L»jT (jjijjLS-a (jl — 3 iJ^i-V (j' "^1 O- 0 £ ^'jj-^' 4 o i ^ j 1 1 < M"^e3 

Jj>.jj V ti^pej imJ>>-I ^1 Sjj>.lj SjLa i_i 

S^UI (^l^j. i iih-W ^ j-ujtlll ^jU" — i-ojj.^ ^ 4_i£.LU^iJlj 4 — jtjjUI I 
JjlLaj ti^p- i4jjL>.Vl I .sLtjl (JjjLlSjj 4_«_l3 JUJLso J^Li. £ya liJJij 

.Lattice Parameter ^jj^IlII aIL, uJI J^Lti ^lU,^.^ jl*1]| Ijuk 
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Lg-La ijj^-f su^ojjji JLS^il 4ijji C;r ic. olj jJI L^ls 

t_£iJJ_a 4 ta i ol 3j^>.La «La i_o^t_a 3j^j-a («* )» 1 — 3) iHJl ^-ua^jj 

i_jL£Ltl Ijuk 

^Lc ^j^j^JVI jL3l_L!l uu^j^ill c^>Z I ^ . *Luf ^ 2_Lu«J 

^Sj^JLl S^UU a_Jj£UI oljaJI L^j^^ljHRTEM a_ajdl 

' j a • J I ^ M^i 4jt_ui J3 ■ l^M">» c_ c-u^LJI d i i o JaLaj 4 !Luk 

(7) - 

<tcl>J i_£JLo i i_aj , ujS t J's miH I JLA I jj taj La I jjj . 4jjl 

4_j^_U3j_»2j I 4_ulj tfaJtJI L^t-a^La <- 'J «\g ' ^ 'j ' 4 1 i^LflJI 4 j_La_lJ 1 

I JL& ^^^C 3jj (jl Ja> ^JLC ( J£! JlJI ^j-a Js2J*.^L) La^ i p J Ia 1 1^ c_cjj^LJI 




(jiO^JI JSOil! L£L*_« U m?.« UUIijJ U-^j(l)J< ititl^jjj :(1 - 3)J< ititl 
uljjJI AiMc9 SjJJLiJI iHSL , ,i Tt "iUj^-LJI n.tl <>a>*J ^jJlj (u) ^ 

'iUj -UI ljLjj" nit.1 1 ^j^-^j 5 I t*I Jala ^ 3 i laj d^Lij ^ ^iU tri^j inti 

umjtSju^ utitl J-aUlI (j) J< it.tl^jj-caj.^^; it.tl JS^^^I^jJj^jJIj^LLaaVl 
iUlS t>J-oiJ SjjJLjUI 3jUI ^Ijj-j LjLiuo ^ 0!>-J«J jljJLll ^J/VI iLdiJI 
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ZuLaJI jl jll jjLuJ! p taj < ' I lSj j-!' aLtiltl tiiti ^ ^^lSIII C;r ic. 

(jlr 2 J LU CjIj j 4j3 p laj ~ (_g jJI j ijjjl uJI *j-><JI «Li jiaLj (_g jJI _$ 

<jLa olj-<JJ d^W^ Dj^ Long-range Order J—j^iaJI ^jj.1 

i4 lL^oJI jljJtl a iu CjIjJ lillj^J i»l fi" i nl ^Lj (_plj uill £-J-<w>- CjLjjj^». 
Lg-Lu L«_l3 «Li^sLi. CjLs^Lc plj-jj (j-S I j" j'- j 4jjLj_a p I la i II Ijuk J-J^J 
4 jlr (JjJLLaj jlll L-uj^Illl L>.L^_Lo £jj£~t] iCjlj jJI jj-a La^-i^. £- o ^1 

i_u i_u j-^-jjj . Short-range Order ^jdl jj'^* lSj jJI pjUr.tl p ^1 

4jj£LU CjIj jJI (j-tj JajjJj d -t laj i a 4^3 }Lc (^l p-<-uVI IjLgJ 4~ujq tuj 

(jjfl (jrpjj *LU *(_£j\j>- i_i]LIj JLlU (_Lu — u . La (Jjl — ,_u CjLljJ-^ 

jjja ojli £jj 4j>-jJ 104.5 I j" ij a 4Iblj «tjjljj (jUa_L)_p <j\j».jj Ji-t^JI jl c 

42>UJI lLUIj 4-a_t3j .(« ?» 2-3) J< i ntl ^ tlrV- 3 L»£ , „<Vl jLc. 

^Ltl cjLjjjj>. ^jljj V La_Lu I jla >^>*T jjj-II ^La s^j^jv. ^j_a ^_jJLu «t jjLis 

^Ir L^J 4-a.i.LiU L$ maj cjLljjjJI LgjLa^Lc p j Lj S 1 ml 

4ii jij (jf LgJ ^LU! £J j^lll Jjj-u u^St I jJ .pl t\~<'<VI ,j_a jje_i]| I j 4 

^jjj^-ii.Vlj oJLlII <— Sjjljj w ' '--j a II J d a ' — ' (jl j! i 4-ulj ■' : ''* 

No-order p t^~. ; 1 1 j^L ^1 j i*J| pltx:tl p j| ^,JJ jj| ^pJI 

Cr^- 3 ' Ui- 5 (lyj ^jSlj (jr^ 4ii ^ jJI ^Ij-aJI SjUI CjIj j (Ji>u CjJ^- 

p Ltj-ll I Ijl^J Liij_lc.j (>j>.^Ltl!lj 

^jjJI c_t_ujHll JaLcjV LoLc Liia-ilajeJ 1 o t nj ^2 — 3) J£[ lIJI ^-Usjjj 

SjIj^JI^uUj i3j)1Jl1I j 5IjLuJI j 5 .l.^tl ^ ^ \l 1 1 ii^iiJI oVUJI ^ 
^ «Ula i Ij^jjU" VI la *LU ji-LlIj .(jj VI ^1 Jj >] ^ 

fiLaiaUJLa CjL1jjj>. lJlJLjj CjIjjIj d^uJb ^y^- (jj^ 1 w cL_JLt^aJ I d j-rhll cQlL>. 

t _^ r JLc t 3jIjj>. d)L>.jjJ > gajj tj p_i l a l!il «U? Ji_u )» 2 — 3) u ^J-^t 

<GLyj^>. L^i ^Ij 4I5LJI 5JUJI ^1 JjJtlj <bL9 l£>UI 
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4_JliLo »111 CjLljjj». J (_g jJI jj! t_4jjjlU! (j-o j^s-T iia-aj dJ I jj 

*LU (jLa ^jIjj.JI ii^»J! £-aj •(«^>-» 2-3) i->jTpJI ^ a I tv. W I 

.(«j» 2-3) JSLA!! ^ Cy^-y* 




cUI 5ji c^J^v i — u J S ^J ^u»jj * j la i LaSu 1 o («j (i) i7itt f^Jsjju :( 2 - 3 ) J^iTiTt 
^ «UI ljUj}^». "Iji luJ (jic 3j[^»JI 2l>jj ^»Sb i^JLa J c " ,1 'j glaj -d-s-ji 104.5 



^j*_Li 3^U,I Cjljli ^jjjj 4_ulj_ 

jlji! liAjL SJlaVl (j-a JljJulJI tiJLLAj .^jjJI I-jjjjjJ! aUoljl JlIc Lgj 
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jj^Ja ^ La jj-^— ~ (<Oj ^1 2b)JLiJI ^ Amorphous Alloys ^j^Vl 

i_j ^S! uj^SLiil 4la ujI Cj Jui.1 (3 — 3 ) JSi ilJI Cj^-H3 

Ijjj . 4-LSjj.aVl jljJtl >^il Mf (jjs «bjls 4lu«J SjsjJI ^yJLc Cr j_j^iSLlVI j a Lili 

jjljjj («t^J» 1 — 3) J'C mi II 4_Lt_iJLI l*JJjj 3j j i a II tfjuk jj-lJ SjjLiLa Ljjl3x. La 
L$J}Lo.l ^yfl SofljijjiiVl j|j Ll i^lljj Ljfc^l £-^> cr^l mJ JLa Li! 

.3jUI <> ^IjJI JS^JI j-l jjII 




SjLa Aj-uJ 5L3JJI (jjjM^SJYl -taLJI u^L^j^iLdLi rt-jj a ij^ua :(3 - 3) J<ititl 
L$}M2>I ^ mIII a-Ufc Ljlji <L>vjld y? jJI Ja 1 1II ' SSLjj— SLLSj^ai 



(10) 



JaL3j jJsIjjj Jijtl! I p la '"' <ULuaJ I jljll Cjlji (j I LaJ u/ Ljj^j 

Sj uiJiA J LS! i! ol j ij^L^i oIji^L I j.* ^ SjjSLa tS—jj^LJI 4£Li £JI 

3J jSLa a 1 tv. 1 1 i ^» i £_a Lfrcaju £. «jcjj 4j jL>.^M CjIj^JLJI dJJjj . 3 J J sej: 

sjuji ji^ tfiii (l - 3) j< aji 

* J? 
Lufc SjLS/^l jJ-=*JJ .SjLail 4jj^LJI 4SLi uJI ^ LfijjJI <_LJJpJI (jJi < _ s JjJLI 

(_gjjJI (_i-UjjJI ( _ ;r 3 cLlILlU £yC <— sljJfciVI (.g-SjJ (jl 3jiJ^ ' a II J (j-ojj 4j| ^ II 

i_JL»Jlj 1 aJI jjk (j n^tll (Jj i I j lal _ai- SjLil (j I JLSi ^1 ^liljj LiU 
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1 4j JulSUj | j| iaJt.1 i gj \ j Ia * ^j-*- l-Av^*-^ CjLLuaJI «Lillbt_a 
t_i j< t .iJij^LlU 4-ta-uj| cLilua 2! S ' <a 1 , 1 ^Ja_*_ojl Lt-uaJe^ La 

aij SjjLrtiLa Grains cjLu_o- LJ j-^iaj j ' <<°i i_Li_j i_uj j-oSjl w j j < ^ 1 1 

U£ iGrain Boundary 2u_LpJ1 -ijo^ ^ l_s j «" U^U^ [^lu 

0>J ■■■^'^ 4JLl*]1 Llua^tS Lo llsjj .(« f» 4-3) J£ uJl ^ ±A j A 

jJj-uaLflj ^-p- 3 ( — ^jJIj j-uSaJI (j ILc ^j^liSLI^M i_ujj£Ltl1 

_}lj-U Cil u i^w jLui L_d ttjejj .(«(—i)) 4 — 3) J£[ uJl OuLjj CfUUi C__t-UjJlI 

^1 



a Jj£LJi I (j-a Cj Lio j I Cj Ij_ 



olukUol j I (jJI S-SLU^Li Ijuk .C 
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.^ILaj-lLl 100 (j-a Jjsl (^yJI L^J 4jj^1jJI Cll m j -»JI .sLfcjl (jjijjLiLa J 



dJLuaL^JI ^-U>JI "^^'1' i^^jv^a ljIjj 




: (5-3)JSL,iJi 

l^JJ^ J_>i ' ^ ' "<UiJJ>-Jt A_jJ_UJI ^UL_^Jt ^jl>-1 "it'^jd ^^-ii-lJJI ut—iSpJI Lb>j 



» ) ^SL_uJj£LlL 1 d_La i_o 1 Cj JL>. t 4_jj_^j*_a Sjjjuo ( 5 — 3 ) (J£[ loJ 1 tl^-U J 

3_^LLoj S^Ljil ^jJL^IjlII l_< j^^ll! j-l^jj 4j>^ ^-4^ cAlP^V' ^ 
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Ijj-Ia-i La I jlj • Ijj-ojjLj 30 (jJ! cjIj^LojjLj 7 (j-o LajLtj! ^jIjjj 
(Jila-i i4ijLa ,_jjj>.ij cLiiai r U j U» ^ U \l \ i_aj 1 11^ J'C ."ill ^1 

i3jo~I^JI J i. b LajIj-cI i_ijl£ju ^pJI S^U! cjljj (j £Lal 

lilj ..C_il mj-»JI (ji-J 4JL^jLi]l Jj Ia m I CiljjJ! I «-yj 

Jjla Lla _LLc ^j*-*; Lfl-JmJ Cj I m 1 LiJLi3 J • " '« < Lu I LlUsj^ I L_a 

^^Ic cj!j jJI jij j 2LaL£ j! Jl=eJ i-ui i L$lu Sli^LaJI 3 j-LioJ! I ajjJ^. 

JlS ((JLlLI Jjj i .1 ^Ir ) «_&» 3 mj-»JI J 1 (^^c I mi 'i (_gjJ! ( _ ;r j>.jLr«JI ^Ja 1 

Li£ id-LjUjJ! <_J (Ji-b <j-«£j jijtj («J - vZjIjjJt - \ #jl c.. ;0.ijljij! 

.(7 - 3)j (6 - 3) OjK uilL j-Usjj: 




(-*) 



5 nm 



Cl ti "* a ji -Ls_j J^jLuJI hiTIj ib_»_u>JI ^J^Ju ( i j u n naJ :(6 — 3) iTttl 

d j m 't T t jbjjj .(7 - 3) JSLUI ^ ^jict^uiSj US i<U->-jL»JI l j»- u ...i jjjl>. 



cLjj/IjJj 4-i^LiJI Sjj Jaitl CjL»jVI ^jLjj (j-a JjJjlII JjLcj J^L>. (j-aj 

La lil «UI Cm" J-ai iSjLaJLI (j-£>lj =»<-!l ""^ C^*" J 

La (jJI I p jj C-i-pc-i jljJk! CjI u l>. jLljIj jl_Li3 1 p SLsellJI p-i 

^ LuL^I ! JJJlj_a (jLfl CjIj ILaajLj 5 

o _ t f 
^e-l (jla Cj!jILaa-iL 3 ^«-1 ^1 J i alJ 3jLi! C_ll n l>. jLLiSl Cjji t<~i \ o 
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jZj^i Sjo.!^J! SUjUjJ! ^ Sj^jil tijljjiil (jKtt «J! {y> 3jLU ^ 50 

^£1 SjLjj ' I J 'j.' 4li^>Li!l JjJi^J! (jjliLLa C)l m j -»J1 ^Ja ■ ■■ 

.JjLmi ^ Sji^jI! djljjd! SjjjjJI 4a£SLJI 




:(7-3) JSLjJI 

LjljjJI J>>-J3 (6-3)^(5 - 3 ) tj; K i» 1 1 (jfl AJLi-il I SLljj^iJLI <j±>.I.jl!I i-ijS^ill ^^3^ 



Jl jJa «U1«JI <*J ju (jjJI jjj£JI J^i^' 
(37^-^5 -SJ^e-a ^1 I j 1 1 .-i j ^ il)J>^ 

cLa_l3J II LgjUaSLa «iSjj-aj i Lg-ual ji-J 3^L«iI 

jaSLIl Ijuk jlial (jy^J • 3 JjULl CjI a t u J (_j^l ji. 
4j j< w (j-a (O^-J-II (j^-J '-ilj — 1 1 Cy IJ^W 

Lg-a r n j (jjlil ^^1 jJtl i i 1 aj ^ i^j 

*. Lauk ' ^Jl ^jLijijVI 

.4jJ_lL2I]I jljll 45i • 
.2-aJ-2itl jl^il 4li • 

i jjjllll j-La jl i ajal L^i^C ^^lll jljJ.1 



^ , /i ^|j_%Ii uji ^Jfrl Jaj» 

, 11 u ,1.11 ,U ... jll 

SjjjLill 
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L^fl-uaj j I i L&jJJ j" j n flJ «3 li >» t 1 l_Lajj ^^y^- Lff-a JlJt-" i ii i (J I j La J 

jua L$jj£L! lL) !ij lj^LSLII l<jjlr j-Li-f j? ■ ^'.-->*t| | £j a 

iSJljJl^. j 4 V a CjLLijiajj <tc jJUa (jlalj^J I j^jfc jj j L^al Jiitj lm\ Liilf 

JL\ll ,_Lu lu (jlti uiJ! jjjLj tfjjjua-l i_ljLu3 Jjjla (j-aj Jila tillij 

jj-a j-Lt^ i 4JLjjJ I j iLuJI jL*js*I tj^glaJI (j^JJ idiljl ^_l>JI Ji^Lv 'j La^JI (j_u_Jj 

(jLSUI j jLaJJ! j_a ajjjIaJI jLoj^l 2ia-j J>L>. oJaZ. CjVL*-a ^ LgjLal jitiuil 

'• (-;r lj La-i3 I ir^i-Vl i (j! (jSLaj 

^Metals and Metal Alloys ^ujJLij! diiL^JI j ^tjJLkjt • 
iCeramics SlSLus! jj,„tl .sl^il • 
^Polymers cut >»LJI • 
.Composite Materials 2L£! j^II jl^il • 

«L>.j jJJ _}1 j LI ' axtsej (jl ^ ^jJl^JI ^ J-Lt-allJI 1 JLA jl Lal 

(j-aj i^jj>.^/1 CjLc ^-ajre-tl jl j a Lg-Lol ^>*J I j"l A , ^. ^£ cLc ^a-aj?e_a ^J£[ i 

I gJl^gla i j^)^- -il J H 3 J $ s ?- a i"'^ JajJ CjLal Jl^j t_u1 ^Ljjj j 



2U>UJI ^LluJIj otjiaJt 

Z 2 -* Mineral (ja*JJ (j-a ^uiHI Su;,^;.!! 3JUJ! Metal JJLAJL. i 

i ntLi La_Lu IjLA .^^laaJVIj (jjLaJjlj JlJJL>JI Cj I jJLfl j_i^5 Li^. JlLa 

/\ (jjj i^;r J^Li3 (jj: ^UJ! (j^LaiU Li±I j Metal Alloy 3 j^-LAJ! 
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JjJljJ! Oi^ ^ cr^l 3-jJjJLsJ! CjIjJLaJ! lLLjLj ui (^jllll p '-"H 

3_lLiL2J! Jla 

laJ-LaJI JLjj>.i £yC 3_<aj>.Li!! Cj!.jL^>.VI 2 "j ' 2 a j SjLULI i 1 1 j c_l* i-ull 

.(jjj^Ilj ^jIj^J! Jjj^jIJ! ^yic L^jj ji j^utu uj^s 
i jijju>J! k^jlj La j^jua qc 2 >jLi!l 3 nl~^eJLl <_< LaJI diSL lu JjlIj 

dljLj IjJ! J-^l l(_£jL>.V! 'l Jj-Li" J-Lal_L*J! (jis *JJ JS! J_L) I J ^ j jLOj|J_vJI 

CjVLtlJ 4^j-lLUj Sj JjSLH I j" I a\ulaj ^\ \j laj dlllsj "j J u) 4jjJLaJI 

CjLal JLa-" t 11VI (jja 3j_u£ *L>.Lula liDjL^ 4£LjLj u/J jjj La_Ltl JlLajJ . 4 

Jljj La j 1<!?J ^UI oj— i" oL_loJ^! Jiol JL3j .^j^SLIlj (^jl j^>JI 

4jLliL><jM CjIjJLil! lLLjLijj/ (j_a 4] 1 11 1 1 11 3_c jjjjaJi! 0 JLA (_j-Lc ' Lio (_^i>- 

.jLtC JLkj (jylllj 1 Ltj_LC j ^^.uLLujMj j»aj 1 .i ir LU j ^^a-^iajJVI dJjLjjj/ (JlLo 

.3j^)_L!j Soillj SjLlLLj j^Lalu «LijLoi. Ijljjs CjLcLu^uM 



J j i .iL£Vl Jila i3_iSLLalj_i lu1\ jljll (j La i4jjiil! jIjJLl <j-a (j-a-uUl! ^Ir 

2 A.^a ji^a ^ tNitrides cjla^pj-Jlj ^Carbides cj!jluj_C!!j ^CMdes 
,Jj< iVdl j ,,itl j! Jjj-UiJ .aljuJi ,„l ^1 ^ jJ V Brittle Materials 

3j_uiit.! 4-^L^LSLJJ jjJ! ,j-a j-^lj JJ-«J L^^Lla! ,j_o (jlr ii) lij 

JL*>.f SjjjLlfl 0 Lc L^jjjLaj i L^J Hardness SjM l^JI p^ ^Li3jl J_la 

3_ajLia (_gjLjJ LiLIjl^ i<U^.jL>J! L^JeJa u/l Jj'C i"m CjljL^>-lj 

VI 2 'j j uu jl^jj lUi.MI cjIjL^-Ij Jl «^.1 ;>L>^ 3 SSLa Strength 

«Ljj| ( _ ;r 3 L^J (_psjjijj CjljL^>.VI p_ii2 j_uSLi f^r* ^ ^ 

J^LjJI JjsI jjlI 3_JL«JI I j*, ^jl ^ aj 3_iSLLalj j i uli jljll j^Ljjjj I JLA .Jjj u±jl\ 

3ijjij jIjJLI (j^a ajLaj*! tfjL&(jl juu .Erosion (jij Jlj Corrosion fj LaJLi 

I j-* o' a '! ^* j-i "'l o' Aj'j - c?i>^"j lSj'j^*^' J i^J^' 

i3j_i!i? (jl_o~I ^jjs 3j_La Jjlj JL3 Jj n_lVL_r»JI ( _ ;r 3 I nr Jjlj V J juus jjJI 
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^1 Ja uij (>« '.'j J^^J 2jl_^»JI (JLjjjI i_4ja^>>j (jJ-JI .sIj U (jja L—Aj-lcj 

Jla jljil liJJi! 3 HoVt (j^a JljJLc tjJLlAj . <U jj^j^La jjs-IJa uij 

. (^j!jl>J! <_jji-JI dUj£j er^l ^ ^jirl i ,iU 

(Ji- JlJ <^p* ■ *■»»! I j II 31 Jaili Ca> (j- 3 Cllj flljll l_i i n"i m 

4-Lt-LjiaJI j_U j ! i I j» * i a (j o (j I . .. »VI (j£Lxj (-;r lII J I J-U liJJj (j-o 3 J JL«ILa 

( _ ;r l£. £LaHiI.I jljll «I i-oAj OJ-2JI J-^'j' Cr 3 '■"'**• ."^^ Cr^* uJl ^' 

j! jl! I i eaj I J-»JJ . 4jLiilj (jjj I! =Li>.j ' W .'J j' jU-J Sjlj »JLI 

^iiej jKj V drj-fc iicjJuXI oVLsJi.Li L^jLLiJaj Sji^j ^1 ljjI ^ (Jjjs.V! 

■ ta flj. CjLj-^IjJ CjLjLLajj i4jjLl«jSLI! J-llj oLlU JiLa Jjl jj^JI J2j i_i-uLj|j 
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jl^U (« uil LUajl L^ik: Jllajj - CompOSiteS i^jl j£l >ULi J i^Sj 

^pJI 3_, U/JU4JI jl^il (j^s HAJI dUj - Composite Materials 3 £| j^il 

ijil^l 3_il_a a cLLjjla cLujj^j>. » 1 uij 3^l_Ual Jjjj-La ^ H_u 

ji <jJ u.Vl SjLo ^1 iReinforcement Materials 3-a^ljJ! ->I>1Li ^-a>*3 

Ajul*- liali- i_JLiJI S^La £_a 2ucIjlII jIj II Jaiie3 ^Matot cJLiJI 3jl o 

jl^JLl ^\ t n~». t L^L>.| a i_ujL*ILa 4_i^1jILa (^^l^. ,Jj ' ^ >JI j t'^' La-a 

(j I «LacI jJI jljll jLlo.1 (^yi iLaj" uUj 1 LjJ^- 0 l-*i3j^ 4acI jJI 

ijj-pc-l (jjil u/^/l SjLa £-a jl jj'*'*.' £_a I J 1 aij (_^cLfljj ^La iJ^ilSLJ! 

J? 

■ 3_j$lj"i alt ^1 j'tt jj-'i' t^-JLja (Ji-lj 3_jJ>j_ii]! 2jj .^".tl Lgjjj 1^1 

(^^l ji. 3iLua! 4-uLiSLll 0Jl$j 4j£|_pJ,l jljll ^Ljjl (j-a l^Jl^JI jj l^yj 

. L^j 4 \ r^tLLa (j^J CjLLuaj CjLa i_u 3_al_ual ^1 1 JLSJI SjLa ^1 a_I_L*_a 

,>« JaLLall j ^LLdl oljLuJI jLUV lijSJll 4^ jJI SjU.1 , J1HI 

, , Uj » , 1 1 1 j ■ '--j »" jij^, Jj^ ni* II 3J j j... 1 j <ta jjjJ.1 cj I j «i 1 1 1 1 

(^jjJI CjIjLLa^l tfjui ^XlqJ (_^aJL>JI LLaLLall j? w 5 La i II tj— a <j-"J-I Ij-J 

SJLlLi i al i iaJ I jj '.4j^jJLI jj u/ «LSI ^Ss 4j_L»J,l ■ La j Li*aJ I (j-a JJulI (_paj *JJ 

Lta laaielcaJll lLbI LaJtl ^-i£.JlI! i'I«i mil Sjlj^jJI t_J i^aJI dJ^Lu/I ^ 3£LjI m" a 
. jal JiicILu/'^l «LSI L#J (jlajjllj ( -? jJI CjljL^>.^U 4ILajLia J-3^J 

( jjjI u/*^l 3^La — ijr Il-La t-ut t JL^ jj-a «LilJJLl t_uj->J1 «L^IjILa Jjuj 

j? 

J u/ jljjsj iJoJjJI JiLa 4acIjJI jljll (j-a 3 ril*i-^-a ^I^j! ^(jJI 3 sLiail - 

j j uil (jjs i3jJL»ILa ,_Jjj>.1 CjLaluIalj iJjsjJI JiLa 4j CjLc.!j_iIlj 

Juij JaJjJI (j! j^jJI (j-^J .(jl-uu^l L^jSj^: ^1 3_^!j^l! jl^l! ^JLatj 

Otla u/Vl 3jsjLia jujS ^1 ^JiJj C^la u/Vl jjs 4lal>.j «O^LUal 

. 5^ a**t i ii a ^ d ' a i I uuXI L^J ^jLsjjljj ^i-II i_LaJt_UaJI Cj1^L^>.I 
^ 3ii.ljJI CiL£ljitl ^llil jjs i jI^J.1 (j-a 31UI dltJ j-^T J 1 "'" 

Carbon j^jj^l i_aLJ? <_al_Uaj <^_p- ,2/.! j 3jy>JI cjL£j!I 3__cLlua 
3x.Lu^a ^ 3jULie2 uJ,l SjjliJI ^^lijillj ^^ia^Vl dljL ui ^1 Fibers 

• al ' Ju3j i ^ fl b 5e " «I .LaJfcj». L-t uill l£JLI j J iCjlu^jJll ijjui J^LuiJ ^al ut»-f 
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^yJaj j (jl ui>i ^jLsLusVI Jui Jajuj . O^J^LII i aLjJT £-a (Jjj>. I jl j-a 

j Laa. (j-a LgjjLajj u/^JI SjLa (j-a 4jjJLaJI <-al! 4jSLuI£LjJ,I (_^alj->JI 

«LbLiILa SjIjj». CjL>.jJ JlLc ^ fl b ae 1 1 <tyj>J| lLs j » Lall I j i '-"j »" Jil£. jLl^j^?I 

4^1 iMI j! ^i! liiJj (j! (^Jl 3_aLbVL> 1Cr ^.jUJI ^LkAJlj L^}L>.j *L5? a 

Lijjj>-J (J^L*- IJu-aJI (J^l^. JuJa j j i uli 4-ajLia SjLjj (ji^. (J-«-«J 

» LHi 1 j i i oli (j_a ^j'^* J ji jj j SjulI 3.iLc JlLcj i4_u_ul^ 4j^>-j ^^^tH ^J!>^ 

^ Sjljj^J! l j-.ls^.U- jj—cj /"^Advanced Materials 5-ajn~U jIj IL 

^jjJLJI ' 0-L£u1a J La L$ mm* t o?"*"^ 4_o^aJa_i£LjJ1j 4jjLtia_>J1 3^ fllaJI £_a 

- LiLaica (jj^l j jaj - j-« ^j-ijLa Ijuk (j^a (j-l^-j -u caLU 

dJJjj il-La^L&j LaLiUi3 I se I ta i a a 

j? 

3j_jj^i2J! SjILil! w a 3jjJ->J! jIjJil (jja JJ-U! -5J «J! 3-aLie-La ^1 !j taj 

3_aJ-2it,l jljl! 2_ajL!a (jLa i3_^aie uJI «IjV (2>C IjiJJLJJ Laj of j .3ji<iLU 

^ Advanced Composite Materials 3 aj_2itl 2L^I j^U jl^JU i3 

i_a jjG (_pJI j iSj^ImU julL jl^ilj v ; Glasses Metallic ^jiiJI ^L>.jJ! j 
^Ijiei^! J*Laj jJaj Amorphous Materials Sjjaj^aVl jl^il 

L^a^Ji La jjLc j t_u ^pJI Nanomaterials 4jajLJ! 

3j| JL9- ,jja («-C.jJI (jic- ^J^J i2LoJl2jII jI! 3jijL9 ^ Sjt JU-aJI (jLSLa Jlbell! 

S_Laj£j jJLl o j tt> 4j_ajfc (^^c. t_)LjSL!l Ijuk £y» 3 lj?U Jj ■ a aji I is-V 

j-Uaj^l La ^1 Cjjl SJjIjJ! jjSill ! L^jLajjIajj Lj-ilc Jj i^ir»J! 



* * * 



62 



white 



ii—iLjSLII (j a l—lLJI ,Jj lo£ w ■ ulj " 

ajUI A^aJt . n I lili jjWltl lJJ ic Llfljjuj 

' " ■ ; g U ^ j}\ «^£LII 4 jjJaj» Ol iloj 

dilj ^^k. tjjplj 3 A .„MATU P ULJ I 

c OjU! I j — & J* 9.^—^ J£» 

d] I J-L«Tl-a^ (J j^yic ftL-tJ 
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j 'j ui£ £_ t_uLl!l j j ui£ j-alftJI ^j-UjJLll (J^L>. »1 al*tl CjI jL^IL>.l 0-a_>JI (jr^ 
alam? JljJ^ (3^? (j ii «i i"i £jj-J (j^LS i4jjLal j ^oJL*Jf *L>-j lLL^Li (jji^La i^-yiej 
.jaLl Sjju ■ u a ' jj-2JI j-a ^J^/l 4 i i .i II sL^jjl (Jt^ 3 tdJij i«^&£L!l 2_jjJaj» 

^ .»11 jjjljjiiijl jlisT I j" i 1 1 (.^i^- (jt 3 taJiJI j)jui tiijJj j<Jj 

L*jj-a lLU Jlj 'L^J-I' O^Luafj L#la CjJui.L3 i«5jijljJI 4-u caill» 

«Lj-LaJI jaicn ^<u-ulj 4_£i^jt_) LLtla LjJilaJLa j Lj c-oia La-j i u ij I cjijLtlLa 1 j o I f 

j-4s *Ijj9 4 jt uaj JjljjiI jl (jj jl£ Laj iSj^jjil Lgjl rijjt-i" j 
CjLauLi^s j_iil 4jla Jj^-jI jl ur^ ^ — ^ Cr' L?J^' CP 1 — i (j' 4$ t ' 

i4j^il_J| j| 3 Vxjz i_3jj>nil iujLjSLI! (j a t _ ;T jLlLJ1 t_iLjJI Jj ■ -»*» 

Metals CjI j UJI Jla i3jJulSj]| j|_j_JU £jjjf ^ x»> jl J^SJI «_lL^ uij 

dLuil jjmtlj ,Glass ^U-j-Ilj .Semiconductors cjMi^il «L^ilj .L^Ll^j 
iajii<^ .JL 1 2LJjVl cjUUJI SJJ-Uj juu .Polymers ol j «JjjJI j Ceramic 

jljil (JK i"iT i , ^4jjjjU jl j_a^ "L^ILajjU jL»jI CjI j jl Jj-tliej 
^^jja j jl j SLcj i4_ajL^tj i_uil j j i ia sej II «LiajjJa l^^Ll>.Lj 4 j^jLlII 

(,-.r,ljU,„i) t-^uUf ilus (^k. jl .Nanolayers ijjjU ((Jil^j) 4j 

^ llLI j£j .Nanorods jl 'j^i^.^ j? Nanowires jf .Nanotubes 
L^l^j? L^>bi.l (^k. Sjp^^jLill jljil jj^ili .Nanoparticles cjLjj->. Sjj-i-a 

dll j 3 j ijl^'ll jljil jil Laij-uu «Jljj^ 4jSLjjl£L ; Laj 4jjLl4-i£ i4jjLjj-^3 j jej 

LuajJ *1_L) jL*j>.1 4 Ij-t-CJ (jj-** ^jjjI-lII -il jil jl O ;L>. j . 3j_u£JI CjI u_l>JI 

I2iid\ jljil ojus *JL<u jl 3 i3JjJlj>JI CjL%H11I 

j£Lx-i V ^_ys\ _y>. j^l jjj Cj-l>. i4juxLaJ jai (_J JlII (^jL^ill Jjjil 4 1 jfj 3« I o£ 

. 4j. i-J SgJI jljil CjL*Hla Laij^l jj 

L^^Lcj^Lai jl^il JlSL<i,V^Jiiai^Vl(l - 5) JSLiiJI ^^JLj 

jl g-jjaj i ■■ ' iJ'C i"ill j-oj • (X i Y iZ^) 4_u^1jJI ^lj_ill CjLjj" i n a ^1 cU-mlllj 
; ^Jt 4_u_u_uj CjLc £42k-A Cj^ij ^jJI 4jjjLlJI jl^ail ( d-LctaJ 
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",IMjU ...i .( jbtjVI <u.iL^.i) Cil aj-ta Jjjliij (i) ^ ct-^ 



(D 



( jUjVI djjjlj ljL^uj- i( jUjVI SLuUj) iLujjlj i-tjulji 



100 

Ju& 0-L«U-u Lili (j-aj iSjJjU (jjlJjLiLa-S (X i Y) jjljJ>.VI Lfcl Jju 

jljll jui 2Jla? <j-aj (■ La 5^ JoJj iJ^jjLj Jju L$J (^lll jbuVl SjjjLill 

JLi^.t^a^iiijJ.1 4j^>Lill j>\ jll Jla Thin Layers 3 j .ic Vl jfj^LSjJI Uj£j U£ 
»U,,.t s^LL j»jLk2__uij (jUl Jiu£ .Surface Nanocoating jJa mVl ^M-L 

cj^I (j-a L^bLajL^ji^jijjl jukJI cjlaJUlli njU" ^ Thin Films 
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,l2j1JL i-LaltJI lLUj ^ja L-uuiLu-iJ d seJa i u L^-u ujf* ) ^i-II (_^r>l a_>Jl 



lj! j laHH 4_*£lai g^UXl *^"" ^j-_>l^_>- j, 'j tV< a jj. La .xj : ( 1 5) jJjJL^JI 
. jjUJI JajL_>^_> 4_jM1_> Jjj^-Ls jx. JJJ .d_j_LL>J.I 





^Jl L^Li») "iu^iLail ^l^jJI 


5 'm UI jl^il ~ La ml 4jL*3- SjLjj h-_JL_\j».V1 foc 
.< )l_tit>.^?lj 4-j£.Lx-uai| 4_3t_<_uJ 1 iCjl^_*ijJI (JlLa 


. a S_il_i V * 4 iS < ilS \ a , a >■ © 


,j_a L^jjL^jvj CjI geolXI £c_La i_u^? J Lia " 

**l A £jl A 1 t 1 1 As- j' M 3 ' -■»* M 

2 -'i. ,,aV1 2— „Mp.Ui". . a ^ ..." \lj 11 


^cJa-ui 4jl_q_3ej 4_5Jjtj_a ,_j-_>lj_>. • 
.(Jl_u_ijJVIj (Jj-JI ,j_a CjLrtlljJll 


; i *j"ti - U .,.13,1^ ,1 i.^tl »-»htl J<T"«tl 

.CjLjL&jJI (jj^la CjLJoJlU j CjLiLliU (^jIjjhJI 


*.4_ul_L«_i_ij 4jj1jj>. (J^dI jj*. • 
iMpjlj->Jl (Jj-t-JI i3jlj->Jl 4_ajl_iLa 
. t. t ,^tl «jllJI J-TLjJI 4_ajL5-a 


• Aj i A. t j i d . , Xjj«"t| VI * U , ..i U 

i^u-u->JI t-u-i^J (J^li 4_l>- jJ j_i_J 1 LglLat^La 

L^Jj-C l-SJL^j 4_pJj^>JI CjIjjVI ^Jo i_u! f.yds 

CjI i_u jj-uiJJ LgILajLiLa 4 jj-liSLJI CjIj3JJ,I 


ouag.yLi,\ . m_l>- aJ a_U / >--il ~ 
.(^JJulII Cjl_jLtJa_a i4_l>-jJ^_i_lI1 


a ^ .Aj t| <*tl ^ , »V| ,-s\\ Jjlj *tl \lj « 2 <r\',,^. 

,_j-_>lj_i^/lj 3j^"l jJI cjLjLu i cj Ij^Tu-uj-j l^nJ 1 (JjJaj*. 

> CjuLuil ■ La A3. ( _ ;J _3 4_aJtitIj_<_aJl,l 4_lLl^=JI 


; 4_Aj_u_il_> L-l-i-aj 4_uj^£' (_>-_>! • 
CjIjJjJLI 4_ajLLa t^j 'j II Jtj^' 
.5 iuhUIJUI 


, 0 <T 4_a Jl-^L-oJ, 1 4-nToi. ^ 1 j 5 A jj| 4_ilt.^M 
<Lj ui-*uSJI Lj^LshJI 4£.l_Lu_) * Lij_ii.j CjI l^JjJIj 


\\ tt~, a ;4j^_u_u ,_)-_>Ij_>. • 
-jjjj-tiaJI (^I-CjljVI 
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£yi 4lill ajjb 3_c (j 3 Jojj : jLhjVI «LljUj «Li^jUJI j1_jX1 • 

100 

V JLitl (J^j-^ U-^J (Nanotubes) Su^iLJt oLil^la u.Vl /\ i^-uLiVl 

4j^.LJI <_sLJVlj ^(Carbon Nanotubes) Sj^LUI Q3i>^-I' j LaaJI 
dJLtJ jiUi ^(Nano.wires) 4j^LJI tiJ^L-uVl dU j£j (Nanofibers) 

l q I IIJ (J^SjJJ (_g l—5) |"|H ^J-^- 1 L 0 ijjj • J"^ (J" 3 'l-i'ill 

<j-(-&L>oV (jr^) '<j-*-«-U 'S J ^** a (j-u/LiiLa D' 1 ^* "** ^ "' L" i4£jjLi 3jl i-u^/ 

(jl ,j-a («-C-J-II (j 1 1* I j-* iji-ojjLl 100 q£. 0^-2j 2 MjU , „SH SjlcLSj (X iY 

^ g ' oAlJ j£Lj_>o ^jy^J' 4jjjLlJ1 ^j^j^SLJI c-a-uLj^/ 3jUj-aJ' (__)-a1 ^->JL) ' auJ 3j-u_a 

ilfljjm j^c. 3_jSLljLSLl1.'j 3_oLjj_j^J! i3_oLjjijSLII L ya\ jjJI (j_o !j jj£ ' jjlc 

(jJI J^aj ^jJI iTensile Stress jlAJI cjIjL^I Strength 3_ajl_2-a £Li3jL£' 

45 La 

LflLt^J Lx-a ii_iJ-LaJI i ^l'il j i .i 3.3 LiS" j I JiiLa (jjjjuj/ SJlILJ' I j*.'al*.< 3-<i-l3 

<-4jlj| j^i>j jt — <ij3 o' Wi>^ f4i -u^' «^(jl— U^SjLa 

CjIjJLaJI i_J' ji! d jjJLaj 4_<^cl J j^iS" i alajj (j^/ 4jo-iLlJ' (jj i>^-" 

LgHajLiLa £3j (_jJLcj i 4jSLu LSLjJ» I I j i a ' j a. (j-* i-uj>oj LgjJ^Lj^j jaja 

( _ ;r Lc cLfljLiJI SjJ 2JI Jila ,_Jjj>.| SjLjj^ (_j^s' ^i. ^ w L^jl LiS" jl 1^1 1 

(j-oj . Sj_u»jJ»' 4-uLlo-iSLI' L^Lal ^i- Sj^Lc J^^'j lSj'j^*^' Jj ir-i jjJ' 
Lj>L>J' oLljSLa • . aj ^ Sj^jlJJI dJ>Lj/Vl j c^uLlV' ^' jie^ ij/' jJSjiU 

SJ^-V' j jl^MUHlVl Sj^S-fj 3_L^£LJV' CTjl-J L^UJI Jjl J ajI.Kl UI 1 1 

.3_2jajJI 3_Lij|jaSL!V' 
i jL»jV| 4j^L^ Spheres oLjj^JI Jiuli : jl^VliLLjMjiLj^jLJI jI^II • 

jl^JLIj oljJLU! ,3^1 m a iiiJjiSj iNanoparticles Sj^LiJ! ol^jJ! Jia 
4iAJI «ji^J 3Jlaf iUltrafine Powders 3 3_£jLa 4jSLLal j_i uJ! 
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i >L«>>lj 100 <_>£. JiJ X t Y iZ 4_i;}Li]l jjL>dl (jlc LaoLtj! (^u. 



-UIJLC 



4ii!l « juk (j! 1 ^j-!L> jjJ! . («£» 1-5) J£ — iJI ^ drj-jjj j-* 

(^_l>*L_u_4 ^} oLl- uo . jjj-i^. o-iL^l i-u i jL*_iVl 4_u^Lii 4j^_iLlJI jI^JLI 

ij»Lc 'Ls-^j 4jj-iI_l!I jIjJLI (j-a (^yiLiiJ! ^LljVI j ju i<Lajj«-LJI 4-ZjLa 

2_L>.jJjjSjiJ! ■*■! Sajlalllj CjVL*-LI ^ L^jLal Jij-" i u\ JJl*j Ij taj LiU j j 
Cil m i *»■ ^^-i^»- 1 i-u-a J} I j ujVLi (j VI j^Ijjj (JALI (_Lu "-u (jlt^ . 4 ibJuJI 

I j Nanoparticulate Metal Oxides oljJLUI ju mL£V Sj^Li 

OJ^jlj 1 ntl Jlj lji^I Jj-a oljjuoJI Jlj i-uLl?! (Ji-Ju Oj> i3j_lj-? 5j 'l . ^"al 

j*j_ujiVl jlj u&\ t Titania (Ti0 2 ) ^j^LlAI ju u&\ .Silica (Si0 2 ) 

Magnetite (Fe 3 0 4 ) : jl—jj^JI jj u_LJ aSj * Alumina (A1 2 0 3 ) 

i*LLl!I y^-,<NI 3,- I c^l U 0 "a Hpmatitp (Fp^Oj) j 

Sj.4a.VI j 4jj.iVI 4-g.l i 1^1 £j LaS ^yfl Jl£j, Utlj CjL^jJI 3 c\ '1 ir-ij 

3*Loi? ( _ ;r a ^c-A» 1 1 n" I j llLSUII jIjJL! (_L;e-a i_dJ jij (_L-*-l! i4iuju>JI 4_ulaJI 
«i^^jj^j 4_ijjLlJI cj Li_j_lj>J I ^j-a ^JjL^JI p . ^ 1 1 Ijuk 1 La 1 -jj .cjL^ltiU 
uUj^j. iCdTe Jyj>Lu 

«LajLsti uJ.1 SbjjU!! jl^il SLuLa (Ac GaAs ^^-JUlII ol u ^jij. 

L}L>JI 4^.1 Llo 4JLl3jl!I S-u^pSLIV! Sj £>-V!j c-iIjoVl 4-cl ^ 

iljjill 0>Lu3j^ Sj AU L^jLaljiiej lJ j^JJ 4jaLlaVLj Ijuk t2L 1 11 1 miII 

mjJI Ji-lj Drug Delivery 

tNobel Metals 3j^»JI cjIjJLUI j l^LuI 4j^LJI oL^^I 4fLa ju-Ij 

iNanoparticles 3 hh-hII Sj^LJI jl^LI 

jjs. Jj I 4-ulaJ I '"«I iJalJI j^ojjj^ ^ L^j La I Jiitjjj/ 1 j I j"j i dll 

O-aJiitj u/l JL3J p m3»JI - I 1 ea C I '/J' -*■"' (jH^' £ ^ J ^ a J f^'jj^' J-^J 

DNA L5jjill oUJI J u/^Lu/ JuJu>u ^ SbajLlIl ikjJI cljl m>. 

i^jijJJI (jia^sUJI ,_Lu/>Lu/ jjjujo di! j£j i(_p2jJi.Li 2 La 1 1 Sequences 
Ijji^. LkjlS[lL>.l ^1 4^LUaVLi Ijuk .^LvujVI ^ 1 n-v (jH-II '"'^ '"jjj^^ 

3j^j>.^/l CjLijSH 4j u/Lu/^/l Jiljll (jiaSij (j^/ LgJjkJj 3juj_ill (_>^>lj =»<JI 

.4^jJlj 4jiii"itl 4_JLc S-j^-jJ^uJI Laojl 
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, d A h ^- 1 1 ajLJI jl jj. 2 a J Sj I 1 '"'l auolalil LaLc LUjIj »" i u I Lb^».| (jl J-*j 
LuLo. jjLcJI L_j^- jJjjSill SjLjIjJIj sLlUjlII '"«I ^j .U'll (jAju j«jJ 2jj 

JaLj/jVl Lul j <j^ L" '-r^-? 0 o' Vj' ^'j j 1 1*^ 

i^_lj£LJ1 ^jLoJI (jjJuz Jj dj ' l i^J w *^"tl JL^tll IjLA ^^y^ d ' a ' a stLj I ' _lC 

^Ltsj La (jj^- I j ' rt ' 'l L^j^tj 4jj^t_*_o I ' gaa ' jjLlII Lo-^oJ^aJiSLj O i-u_jj 

j^J-Sj ^Iji-ilj (j 9j joJLc ( _ ;r a Jj i2jjL*x.l '"'l 5jxlaJj '"'l zkjIa (jjs 1 'A 

I jJIjLaj i .5 1 j II ^ 3^Lcj ^^j"^-" *l «a t f" Ll! L$ie u/j 3-jjiij Oul jjj (j-u u/ 1 

l-5aji£. Lu<_a <_3aj-u 4jI (_gjJI Jj^jljil,! ^ i i <i 1, 1 Jl^jJI Ij-A (jaJjljj 

. fl£ aju 

iuKJI 4a.Luiil - La p ,,!->J Surface Area ~U,„tt 

jc 4jj_iLlJI jlj II L$j j-J-*JJ «I j-i^Ls. j«jfcl — 4-o~jL>JI ,,.-^.tl ^Ja t 

t 3 u^LiJI tfjuk 4jjiJj i^jJI ^11 jjjJI dJIjj^j .4jjui21II jljll ,j-a L&j-^ 

J I ^Ja I (JjijjLLo uui i_utSLa JS! ii 3jjJLa cUtlaa Lu jj j! jj i --"'la 

( _ ;r lSLII t_4jiSHI ^ -r 'w (jLa ^<sj (j-oj Kijjjj» I (j i a (J^ (_£jl ljij ti^jO. d C^Lual 

«Jiilji ^jjjjti ( _ ;r ISLII jjjlII jjl (jlsjlLiilj . (« I» 2 — 5 J*C i'ill ) «^(jjj» ^jLcuj 

^ I i3j j 4086 j.* i_uiSLl.l Ijuk JSLut (Ji-I j Lgjtal j-a (_Llj>o (^rlll 3jl U 

I j^J JLL^jLiJt 3"i i ..ll ^Ja ta/Vl ^jlc Sj^>.jII «jijIj jlU (jKtl jjl«JI q\ jj^. 

.(«i» 2-5 JSLJJI) 3ji 1352 c-utSLU 
j_<_u jj^jjJLI jo-ljJI <L>. I sLs-l uijo jjLa iCjLUsl^iaVI ojjt jLUI ( _ ;r a 

^jl <U i _ ;T J>»jL>Jl t - 4i ^l ^jKII «L^l i-aXl lj-^J k t>" B tJL5^ 

jj's" i n «^j-u 6)) <L>>I i n a 4jr ^ 3^^>»^JLl dlljjjl JJl£. (jl C? - "* -1 ^^^^ .« (JJJ 6)) 

L-uSLaU (^jjj-jLiJI g U , ,,tl cLa.| i ,i a jj^j 4j talll (jj^ Cr'^Wj • ^J- 3 1 352 

6 2 6 

(JjieHilj . « = — "LSj' uj4_IL>Jli>J (j—UJ 

,_)£! ilJI j j 't is>~\ Cj I j t*\ a (^Lu ^1 «Ojjjcjj Lla£ Ji^ c_ctSLU Ijuk (jl (jVI 
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4jjjtjJ! ajui (j^. jjLlI! jl>-!jJ! (_uSULl ^*^>- (jl 1 — < "'^ («V» 2 — 5 
3 ' .* " t, 

•(\>u = x8) J^j" U?' OJ- 5 6-° <_k^ (jli-aVI u — atSLt 1 j«-=t^>J 

ijiij 4jJUj>-V' ^lIILi 3 k""-> a Jlaj <^p- '(« T» 2-5) JS! i!! ^ 

4086) 



6 



•JIS r,! 



48 



X 8 " *■"**' ^ "— ■ ''j- 3 <j^— W 



^5 




mm 




n;: 




mm v 


**- 

L/ 1 




™* uSU 64 J) 


djjL™» OU^t 8 J. 1 






(-*) 


(^) 


(b 



3ji 1352 «Sji 4086 (ji^ L-utSUt Ijla ij^L^j^ X ^ X ^ j - xjI a a 

* 3 * 

1 [j ,„j ^ -^.jl ^-y A A ^ ,Ol ^Ol A*.^- j ,^"1 tj'^t ^j,,^ LuLmVj I "^^p^--- 

^JLJI ul«S31 ljIj-J ^iSJI jjlaJI j-« 3ji 2388 L^ic il^-j 48 jJLJI 5u^.jL>JI 

4086 

jjjl>ji ^j.f^».) isj^>. 64 u^i u iiij^ii-c^iajjjo jjtniij iSji 3586 1 ^nyi 

^jjJLi til! jSj iJiJjCLtl Jjljj J^s i_t»£l,b ljIj jJLl ^USJI j-l»JI pj 5 '"' 1 t-: — N"; 



^JjJI i-c3t ^ Xt j fc^Lo^LJI Ljjj 



Uji li 



(D 
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^Ja ■ "VI 3.}j-».jll cjljjll (jKII ^jjlII jl juLa <L«-l3 ^ S^Ljj • 
.3jj 2388 ^-LuarJ (L*», j 48) a^LLtl 4_uUSJI oLulSUI 4_o.jLiJI 

CjLjiSULi 3jj ^ji' CjIjjJJ K II _\J *JI £^«L7c_a c 5 1 <j^*- Ct^ * 

jj-vj j<sj (j LloVI i_Lt£Lll 2_jj^>Jj 4 jJuC OjI^ L«ul (J-\-C 4 jjLaiill 

(J 5£Ji\ ^JLnJI (^Jl cuLaSUU ^jUJI gJa uJI ^ylc CjIj jJI JJi£. Jtu 4j luJI 

%33 = 100 X (>> e^L^j 5^UJI ,.,.<U olju».^ o I ,juJi 
t 4086^ " • 2388 

i a-uaj jjjs ju£l Jj»J 43li J s- I jufcj i%58 = 100 X ^Qgg C3 'i 

.Slj^l 4-uUiUI cuLaSUU a^s-jLiJI ~U...V| CT 1 £ , 3jUI culji 

4-uLoj (_yJJ ^-uLauJI CjLl»SUI (j o c_l*£Lo JSLI jlj-«u luI * 

(JS! i"itl ) jJLi^lJI LutLcILa I j << a 64 (-;r uC. J LaaJe ' <_Sj u ij-i-Lsa! CjLmSLa 

Ijuk j .(4_^.jiX 6 I .«<o 64) L_^.j 384 u lr i5>^i '(«f» 2-5 

j a i uj Lxj5 1^1x1 uVI 43.1 mJ 4jJLij>.VI 4-o-lSJI L-dcLi aJ ^1 (.g-ijj ^LilLi 
OJLgJ 4_o.jL>JI ^Ja luVI SjLU (jjs 3juJL>. l_jIj j j J gla 1 I ' '*'*' (j c 

Jiul dilju (j-aj iSjj 3586 (_,JI (_,Ktl Lajjlc J'^j SjjuujJI l-jLl*SLU 

u-iLau lu*. Ji.b 3jy>.jJLl Liiljjil (_yKJI (jJU^-V' JJ Cy %88 jjej 

.(Sjj 4086 )oL*SUI 




(2) 
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4jLil uJI SjJLill ( _ ;r S 3.}jl jJI <_ctSLU j j » i aj ^i^a-i jVI J i.l_Jj 

j^j^s (j-* Lipjj-^ 3 j-^jd lS-^' ( ^ — 5) (JSi "J I j k i i dr^*- j iiij" f ci \ 

^jUjjUcjL^u^JI cjLl^. j^jjOj-^SjsjJI ^j_>jSL!VI jisLJI i^^SLjj^SLiil 

J iaj ^,1)1 2 ikAlI CiLlo. jl (« 1» 3-5) J£ ill ^ Jg — -Njj . ^ ' a flJaie-a 

i I^ILaj-lL] 35 LlijlIiSi - U , /i jjjj CjI u j-v j (j-a Jjs? ^\ Llol JlcI 
(J_t-aL>. iCji_i_j_u>JI L^J Sjijj^JJ Sj^-t-aJI d S La ' rt 4^.L_u^) 4_ijtla_i_u «L>-L_u_a (JlL>u 
jjaj jJLp (cjl^iaj-iLj 4.1) L^Jaj-C (cjl^iaj-iU 3.7) 3jjj-aJI (J^la <— Jj i^a 

9481 

JUuJI I Jui ^1 «LuJuil 4jjjLJI CjLa_uj>JI tj$$ • («^-J» 3 — 5) (jSLloJI ijr 3 j-tlsj-a 
(j-a<_lj-2j La (^yl^. iCjl^iaj-lLl 5 *L-uLlS LS^^'-y ^ L?'- )l " 

cjlji^ 3ji 3000 (j-a ji^l jL Jjill ^k", , „". l£JJ ju LijLa i4jj>-jLiJI I ^->U , „t 
lJ^LCJI L Jl ^rU,„ll 2L>.L_oJLl 

lj_t*jj i4laLiiJj 4"jlr La 3j uu 4-Lalj.S 3-sLjj J <^jlj i (j-a (_J^JulII 

LaLaj • aliiej SjUJLs. (__>^=l cdJ ju j^La-J 4£LulSLiJ,lj 4-uLjj_iji]l 4_i*al 

. 3j_uSL!l 4j1 tu> L^jJLp ( _ T i!l SjJuiZlIl '"'l d ■ ijJIjgj -»l jiJI cdJj (jc 

^-La_(_uVI (jji^. CjIjJlII 4^>*J ^-1 u*-) (jl (jj-Ij i^J^>*l ^tA- 6 - 1 J^* IJlA 

iCjl^ILajjlj 3 jjJI I j ■ iijjI S "'"'j « ' o j^yjJI 4jjjLlII JljJljJI jla CjLi^li^J «LLS-jLiJI 

. (4) oL^JL, olj jlIJ jjjJI ^. %50 ^1 J_,^i 

(jjijjLoJ.1 Sj_^cjLl;Uj>JI aJL». (^ Jaia %5 4 j i .i i II o JL& jjL*jj V (jt>- I ju* 

. IjILajjLi 30 J^e-i LiijLLiaf (jjijjLia jJLp ( _ ;r lll J 1 1 J ■ u a i ajUI j-a 

Surface m ^ 3jUI oljj 4^>L»JI (i - o) J< &)| jjjjj 

jUaiV iflJlisjs o-^L" Jdi: JUJuxJI jJi Cil hj-». Bulk AtOHlS i_^Jj ■ AtOITlS 

2-aLtJI 22>UJI ^'Tfni't jl ^jU'u,'\ j-l^jII J< uJI jjj .Particle Size oL-l^JI 

(jjijjLfl-a (^iSLu £_a 4j1 ^1 luj (j^lllj i 4j^LjJI CIj I^-jJljJL I liAJj ^j^j jJI 

mitcJJ 4-L>.jL>JI jela uiVl (^ic SjUI iljljj j| JLcf tiJl)Lux>JI jLtalf 
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100 




o - 1 1 1 1 1 1 1 1 1 

o 5 10 15 20 25 30 33 

( Lr u>\ > S\j^X\) JjJL*JIJiaLjlji Jj».ji_<jajjrU dlajljjl AiMaJI : (4 - 5) J£jJI 

tiUD jbui LH _LjLa.a J» -j' «j Surface Atoms ajLuW a^jisji t^jLc 
^1 AiiUJiiiU^ m (jJLsLu ^j.f^aaVi Particle Size) cii_jxpji 
Bulk Atoms aLu^Jl lji >ui 

(4) , _ 



CjLi_j_o* j j t ' aaj j-jjLj jj-^ i-u_ua 4jjJisj 4_iAL>. LlUdjjLI i_o1 ^jt Jju 

CjIjjJ! jIjLcl t-kc Li axi ' ^j^J I j-»U , „t 5js-I ljla SjLjj 4j^jl_cJI 

CjLg i L&jIj-iLi! ( _ ;t ^.!jjj Sj^jLlI! j! jjjJJ 4_allitJt, I !_y&\ jjJ! (j_o 4JiLoi ^j^c- 

^ji ^1 jji jLui 
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L^s&Ixml (jr^- SjLtt <Jlilj j (j-a 4 g-r t'r> J I JLc! Cil n j-»JI ^ Lajs. I jJLi^s 

j^iil ' ' Hardness 3jX <^tl p j« gjj t JlSil J-u ^ ^1*3 . 2u>.jLiJ| 

S^J^t ^ Strength L^LojLLo ju_p oit jSj uij SbjJLiJI 

(7) 



jljjs <^ J ».j3 V (j ToUghneSS 2 iliil (j a I J_J>a 

JjS ilU L^iajLLaj ^ Brittleness L^L^Sj iaj^jj.! l£Li/jIj_i uJI 

(^Jl jJI cul sejVl ^Sbj cu >^IiT j_Jaj / ^ Deformation 

'"'l 'l (J-a-><-!J (Jj's mi~I 1 I glLlLUaj L^jjLLa p_i3 j. .ill .S^aJJ 

I j . .. A;t ^jtj ijlj liilj jjji £j jj? JjjlitJ ij^l 'ImpaCt aJLi^ajl 

I j »" i" ( _ T ic 3jN-c ijJjS uu 1 1 AjJLLSJI j AjJLslJI 4jLlil 5 a ,^ j. «ijsJI 

\j ^ , ^ 1 1 j sLjj>.jL>J! cjI^I ^>.yj L^LajLS^ ^Lajjlj 4 SSLiJ! * Al . — > 1 1 » 

CjLlj-o. p-»->- j J » 1 aJ J^L>. jj-a 4j£ liJJi j^tj JLSj . 4-iJL*JI j»l a I 

o! >L<^Li 10 ojp c^! S ->UI 

4jLlI.I j 3.} N- i^aJI S^jLs j^LsJI CjI J^lj 3^1 =JI jJal j2JI <JI J iLa 

tiilj j»Jliej tjj tilljl^ .<>Ll1,Ij ,J^JLJI jLil j aa. JLt-a 3-aJLjej uiil 

.J£1l1IIj f, ' ■ -— • tl JjiIjjJ iUsjjJLI ijiVI «LJajj JL=" ^ oLjjjJI 

(12) 

* f 13) 

(j^alSLa (Jj i^-ijJI liUjt^j 1 3 'N '^^1 3jujlJu ^1 1 .i->.Vl ^Ja 3j 

j^ajr r^> ^-a ( J-aL»lLll >. ^j-a 4_i^a_>J I £> \ jJLI Cjl^_irtJJ Ja <a_Lll O jj 

S^La ^Ijiej i-ul (j-a VjU tillij ia 'N i^aJI 4jJLc jJ^jjJ I dil S , Utl 
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t La-$-a tj^j ■ LaJ VL*-a ^^jj^fijjjj 1 JLu_u£f^ ^a_j_La^aJVl JU i_u^l 3jLo 

Ijl^JLi J£aJ! (j a LgijLajj ol^jJLI ll1±l! 0 l^I >1sVI j-«-«JI 2jL_jj 

t j* rt jJLaj i _ 7 Hll^ 3jl^_>JI fiL»j2JjJtl ^^La^M -Lc^dIJv i^iaju £_a Lfl.Lga.aJ 

3Alf Vl LiJLt (JjJs^J JLSj . Jji iVltl jj^a 4 m, „U e-SjjiaJI LdJt jOi^ 
d tVal ^1 1 j CjL£j_>J,I CjLjI jia ..u f jL»jT q njjLiLa j_uu ^JLC ^1 2 jjsl jJI 

^JL) La_a i JU^jUJI^ pj"» - r<"t\\ Cj^jj^ Ji^js^Jl 1 j" • "1 CjVjULa O ■ ea d -»■ ) Ij 

ajaUal ^1 ^Ijl, ,„tl j-Lbl ol^—i 

^1 iO!j_u^£L!l i4j)JLi]l Jlj^uI^SU MjjjLLII u^L-ujJI (j-a 3 M-^a 

hZjI jlj,,itl l<JJj J^Lufcj f.1 ^>-l ^LliJ ^ 4^ajLir",,iU 2j)JLi]l liAjL cJ! 

ijlolj->JI 4j>«jLLJ! CjI aJu^aJI (_La->«j ct"^ ^S-O^ 1 ^ J^J O^J-*^ l ^ ^Ai 

d t-» ■ ..j" T Ij d_(2_LlL>Jl 4j^)J)^Jtl 

£-a ^-joJG jJI SjjJLoJI ^jLlII CjI 4"-^>- (j-a 4-ii]JJ,l 4 ilcVI J *jj 

fiLa^JLI 4_j i_u_ujJI ^jjLaJLI JL>.1 t4-t ^ -Lal^j i_u ^l^_a ^j^o ^^>.| Cjl 4J-^>* 

(j^o j_uSLll g^o^ 3-3 < "j\>31 i.mi "tl (j^ l_£ ' ajuZal I j (jji^il 3_l>-jL>JI 
^jlftll ' ^ . ^« ;ll i. JijjaJLa JS! Jij CjIjjLLa p La i Clul^>. 

^Ijdal J-iao 4jjLiajiJI CjLj^jJLI J^Lui ^ia <-ul L^j ^ ^— »" 

<La^1 u (jjlc ' La ^1 sej LajJ i L^i>.jj I gjoJL2j <_iajj p ,,,-»-tl ^^jJLc 

^jljjjj t_< ijij d-LiIal^laVI LkjLa^.1 (j-a JLl^jj "^'j jLLaJI 4jLlaj 

4j^LJI ^IjJLI Sjjia gUijI j| ^1 2jLiVI jjl^ .%300j %200 
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i _yjt\Sl jj^. jjLj 4-iSl ■>» Ali diLi^jJLI j»l "tll -i' jCLol <_i_aj i _ ;r a 

-}JJL>JI ^JLC ( _ r 3 3j_lj£ (jr-">J ' L^LjrH-'" *^ (J^y^ 0 J * 

SjJLaJI p f n^l «Li>.j^ ^>-t2a]1 .iljCLol JL^^ lJlS^j ^a-dJ or*^ 4_j_lj_i_>JI 
100 (jjj La ^1 Ldij t r a j CjL-u->JI .iL*jf ~ £-a 4jf . «i 1 1 

<Lj-lj-i->JI La^jjLs- jIjlcI jl^j j j«sj (j-oj La^ljLcl *j ILa^jLj 

^JloJI i ^aII ^LlIjLIj (j 1 ,3; i u La^ i^^>.VI <Llu> ' * gj 

. i_jLiSL5t I jut ,jjs 

^jLi^SUI daLiJJI 

J-Ui J^aJj-jj 4j_a-)Li!l C)l m j -»J1 ^t-Ia i u! <L>.I uua Sj_uSLII SjLjjJI Jl*j 
(«ukVl J-oUJI i4-l>.jL>JI L^seJa uj! (^JLc S^UI <j-o p sc i a 

LjjI j I j. . I i * iSjjjLlII jjsJJ (^LuijSLII lLsI uill I 3 j Ljj ( _ ;r a j ^j-^'j 

S_uLuijSLII CjL3_iaialILi L^aljiitj u/l i_!^c.jj,l jlj U 2-ajLa <j-u!j (jlr 

djL^ (j^i 42JJII Nanocatalysts 5u^LJI v_ilj i>dl jju U£ .3^h^II 

100 <Liii.! jJI L^jL;^ jl ka! (j^uLS-o (^jjtli V (jlll j i3 a^jtill S-SSLa 

. I j I iV*n 1 Ltji^lj jl jll (j-o 4-Lill tfJL^J 4 jAj ,U",tl 4jfLa^/l jojti Jls. I ijILoajLj 
JlLa Aji LcaJl^ 3_al i_oJI CjIjLjlII S^aJLi 4jjjI_JI Cjlj-A_>JL1 Cjl n gjg I A""j 

jijja^JI jjij^- (2>^ <L»jliII 4-jJlicJ, I ,j-<j>.j^LLi!l Jljjj/^Ij q^jj£LII j_uj^I JjI 

I flac uijj Lxj5 iCjIj-kJiIj CjIjI j i ntlj cLujujSLJI CjVa->J,l ( _ ;r 3 >l_au-u (_£j_a-i>.VI 
CjL^jJ.1 tfjL^J (.jSf^II Cj^bJI (jjs JL>JI u i .ij'ljJlj putVI JJjJ! i^-jjj (j^ 

.djg inti 4>J_)J_l1 3jj ,>.«tl 

^jaaI j o I LulalJI j I Fuel Cells jj_^^II j *3j 

Nobel Metals Sli^J! oljliJ! ^L^°- ''^^ ^iLiJI cn\j i^^il 

t^j^SJI J^lS^ uA\ (JjlIj .=Ck:j^jajij Pt o^^LJ! jla Jla ^Nanoparticles 

4jjj|_i CjI ^1 JLa-"i i nl (jl£Lal Sj-iILa d j <i lr CiLal uu^l Ll! Jji^cj 

LuSL»j Lx^j i4£3Luj/j (j^j^LJI jJ^ iicj-«j*_o (j^i 4 nK~ J^l SjjJLa dijLjj/ (j-o 

«-j-iLill flJ 2j vl . ^.".al £L2jj_Lij Jj^^JI Lj^Ls. Li^-^IjiSij ^Ijiicj u/l (j-o 

.SjJJL>JI 4J3LL2JI j 'l 1 a a p-itl JL>.U? I j 1 j 1 «Jj j I m "u I 
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LuLj liaj L>.Ji^_4-i JaAlJI ijr 5 4-aJL^-"l i n U Cj!j-i>JL! JUu Li^ 

i_kjJL£j J-Lajjl ,j o (O^-jJI lJ \c i4j^jl_cJ! Cjlj arsJU (j-a 2*^11 LLLbJ I -i j a 

CliLJU-C I j . I tajj L ^l!l d ttje-iiaJ I CjLloSLILij w c I * i aJI mil L;r lc L^^-Lol 

Cj!j jJ! (j-a p se i ea 1 1 joSLIl I JJt -5_oj>-J (j^ '(J^ 5 " " ' ^" " l — < i3 J 

L^Uicl^ (jjs J jjj 4j^jLJI i " 'l j a >■ 1 1 CjI ifJ-><-I 5_^>.jL>J! ^Ja uj^\ 

j_uSLj ( _ ;r lc T L^i_ilc La (jjSi cj! m i -»JI 4j^jLj cj!j_iL>J,! (j_a 4_L<j<_a £ Lj-ijj 4ll£ 

2UUJI ^1 Solid State 2l_JL^JI 2UUJI <>a (^Ul .. . i » jdl jJLa Jj_ ^ 
i Melting Point - ji -j.^'.Vl aur, Liquid State 4djL_J1 
j-jjui J_a it jVI 4 < u-Aj ^ ji^j ^ jJI JI j <_JI j .4^5!« ^j-^ 1064 ^ a 

4^>L»JI ^rP" 4 J ' "H S j OjLla 4jL>.I (5-5) JS[ cUI 

500 
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1(3 3 j ulu jJI 2jU! 

4j . "_mj-1I 3^UI jl 3^Lo i al ■ all ci^p- 4jj_ii2lJI j U (jjjlit-i 

. LgJ t _^-£sl^>. ^1 fi\_i_L*-« CjLLi-£5 ^-l_L*_lI 

4_c>.jL>JI L4je.Ia.ml cjL>-Lu^s SjjLLaJI S^LjjJI L^jLijL^s. (jjljjLS-o 

■ 4 jlr duli? L*c t_xjkjJ! jJLa t^jlji cj-u_pj £xis!^o i_3^Lii.lj 



1100-, 




j' J-"'-' diuj <>j!>>- iLfc^J (V* £u «iajjJ^^UI AiMiJI J< ititl J1*J : (5-5) J<i7itl 
(4)' 
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^ 1) "~ u^'i^JI * 

»1 oUtl j (j\io.LJI j»L*l&l ^Ir ^IjJLI iiilj co^a-" i ..I > l 4j^jLLll 

j-jjLj ^IjCLoI 4 mi jdJ j-jiil 0- a 3 '^H-^"-" "J^H^ -i!_j-U 

iOptical Properties 5^1 «i! 3j; l^JI ^1 ^iJI j^iu (^JJ nj^tl 

,3jUI ~U,„t Light Scattering iMI j_j i_u£i]| j! c, u uul\ I g ; oj 

(^SL! .=t3>«j i^aJI j A i^Vl jJI <jjlll >^jj^ 200 (jiii 1 Aji U! 

(j^S^j L^jLs i I^Lo^jLj 20 ,j-a ij-^ C"^! 4 - J JlA j-JLi^J »<u I o I j! 

j<i t l2J LH3j liUjjj ij_«->.VI ^<u (^LSjj-lII jjjo A a I" se a (j^jjLi 



j. ^IjSjlis ml ' aJaj Sharp Emission Band ^jdl (Jj^s (j—^Lils 

.Broad Excitation ^ jJLI 

jLiJlSI oLiLi JLo t( j| jjVl *L5jj JjjLjJI 3-3jLa 32jl!I 3_l!Lc oLiLill 

S^a ojbj! I o K i^Ja uiVl liilj (^Ic- ^j'jjJI A^JJ ^f^j^" Lgj&la uil 
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a uuai 

Sj uJI 42jL3 CjI i^l^LcJLU ^uj\ J i-jG ^pJI jlj U jl\ i^ia p &l 

jjs-l j-J'j. (j-fl "Jl Cjl^jLX-aj i eLa-jc-L^iJ I <Luj gSLll Ca\ jJj-U ( _ ;r 3 uA.\ 

j>jjJLi jjj irVitl *j j-^j 4^1 ^ dilj£j 4^jJ! 3 2j|_3 JjLeaJI 

Sj^>.i ^ tilJj£j Magnetic Resonance Imaging (MRI) 0 ,..jUl;;ll 
.^Lc sLv^j Medical Diagnostics _;ktl or -,jV £011 

3_2jLii]! Lgjj Jl3 ^yfl (Ji-*JJ cH^' ^J.'J L^ji^al ji. (jlr i_jL*jVLi 3 jj^ujJI 

Li£ . 4ibjir»J! Sj^j-VI I allic ftJ 4-ujjIiSLJV! jjlj_<iJ!j 4JLl3JlII pLml i n-»JI 
(jSLa Lx_4 iCjLuj/L>J!j 4j^L>J! J-#J! CjLjjSLa 4-g.l i ir-i ( _ ;r 3 4^L»SLl ^JLa-" i n" 

, - . I A , ^ I j 1 1 S_JLc i3j>" 4A±H. 

^3 1 *j LaJ pjj (^y^H (_>^^ J o ' ^ — 5) (JjJL>JI ^^j—LajLjj 

. jILaj-iLj 1 00 (j-a Jjsl -llj-U CjLj-uj*. j j » i taj (jj^-la (j^ a b **■ 1 1 CjLajjJJ 

SjjjLJI ^1 j-U jjjj ^fl (j ala UI (j a 4j| 3.5JI*j1I <U!la^l dJJj LJ j. i ajJJ 

jj-ul j_2j «LuaLjJI (jJ j_u CjI A i i ii^Vi^ i L^jLj^jJ uuj L^j^VLcLaj L^j^jj*. ( _ ;r 3 

'J g3. L^JJjai (jjJI SjjIjJI 2_J ^JlJI L*ilj (ji^. f\ ^J-^^J 4jL« J-^j 

JlcI j^ i i jUJ «GLjjJiuj SjuiJI ui ijl CjljL>ol I gj j S c I pj iLiLi^Li (jjil-a 

^Ijil Lkj£ij»o ill 3j_l4jII (^IjiJI j! I i^j^l i4jjjl>JI «I jjjjill 

. L^jl u ^^-^ j J * ' ^ 3j_tjjLt_a gL^-j" 'S 4 ^ ^""J ''^ 3^ (3^^ 4j^jLJI 

ijjkLUa SjjjUJI tul^u^JI tiJJj ^yic Quantum Effect (^-«SLl! j^tU! tPU? 

3_j b 'l L2^j l*J lij i(JI LaaJlj ^yz\ j_^>JI l£JL1j jj-jyj (j '""^J^ j»'->M 
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iSjLc Cj!j-jJLLaj J_o1 ^j^C- 4_t-£s1 ^>«J 4IL<i_i3 i ajUjEJ tuu ^j^SLl! 1 JLA 



t ^>\$±- j jjjj i ii 4j_j_iS ^wub^j :( 2 - 5) ^T^_u>JI 



m»? 




C_J I^J uiJ 1 i . . i i L-iJLJ| 1 ^ ^ 1 1 i i "i A-tJ 1 o J l_M 

.cjIjJLUL 4_uj-^SJI <LajlJLU 3jLj i4j^jLlII cjL^I^iU^ 


T-h 1 r* 1 1* 1 r 1 q1 j .C* II 


.Magnetic Coercivity ajunULim a^Uil 3ji!! 3jL) 


Magnetic a ,,„,U;;i.l 


Toughness a_>LUI .Hardness 2^ ,,-iil ^ .„-^ 
Plasticity a_Jjjl!l ^ ^ .ajjliJI mil j cjlj_iill 

aj.-Stia.C.-lj,...tl slj 1 1 «nnrfility, — u a .l.lstlj 


Mechanical ajS^Isyi 


«^1,1 a\ 1 '"'tjj t 'l ^ l^^tlSj lrttlj ^ 

.Quantum Efficiency of Semiconductor Crystals 


Optical a^ 


■ Biocompatibility^y^JI jpsl^lj ^JMill 05 

4_l>. ^J^_i_JI j^>-l ^j>JI j j <ill Jjl^pi^VI j 4_) jLiill 3jju3 3jLj 

j-taLSjJlj ij^jVl J^jj^G^I Biological Barriers 

.Membranes a , ,Vc Vl Ji») <_>Lu=J.I f jj<Jl a o->UJI 

. (Blood-brain Barrier jib ^^jJI j^-UJI 


Biological a^jJ^uJI 




83 



white 
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LU 

S-ajLill JLt»-Vlj ^j-JI ,J-l>. Jl^ ilj i_3j 

S^-Vl J-SL;^ 3 ■Jj.loJI 

Cjlj^l dilj j_a 4^>Ljj LuLo- jbjj c^L U^. , L^lil jlj—ll 

oVl*- ^ ^LJI L_o. .Jill U*-l~-i 
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j? 

«UI 



1 %j , —j"^ ^LjjLi =Li^sL>JI L#1jLj/JJ L^jIjjT sLukLo i_3jju (jl Jlj V ; Lii^J 

o- 3 j' ^J- 5 o- 3 ct^' iL^jIjj? Lts.jJj.iSj (JS! La iSjjIjJI L^iL>.jjt^ 

jl < )1j-<-u — Lp. jJ jj£ji] I — jJJ^j * I T^>"j L^_«l ju^j i_ul tjl-Sjj 

i^^LLl! LiiLc. Jjjj i4jjjj«JI LlIjj o-iLc ifjA j i>>Ll.l (juj^JI J^Li-j . ^«JL». 
iiUj (jlaj h^jjSJI 2 1 1 ■ tali Lia.jJjj£j ^Lljl (j a L^jLic. jj^s 

^_QjtliJ 4_ulj_lLo fiL^_u_i^ tcLajl i oli Cj Lia. j_l£jlJ I CjL>*jj»_« ^LjjI ^£ d ATAj 1 1 
I JU4> JjijJ .t_ij-L>JI JjJ L^laJ j U-^j . - < 1 j ', ^" II tilLj (jJLc i^jS*. jJjjSjiJ I 
jjj? ^Vjul (j-0 L)- 0 (J^! ta ^ ULJ t^JLjtJLI ^ iXlj j 10 1 j j la >■ 1 1 

(jjijjLi 4j^Lajl » j»u-uLj 4^J)jj«J,Ij 1 1 883 ^xL*J I ^_ya (jjijjL sLl>- jj jjSLlJ I 

Paris Convention for the Protection of 3 ;.^tl 4jiiil 2_jUjJ 

dJj^i 1( jrpl (j-a 1 1 j /t Lla jj ^p^. i Li>l3 I a j Industrial Property 

^1 Jntellectual Property «Mj^SLAJ! 4j£U,I 4jUj>- ^Ij^» ^1 c^j 
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tZl\j-ttVx\\ o'j-tt Jla I jjo jj\ Jl3 JjI jVl <_i (>LC. J *UJL«JI 
(jl C^9j i «Ljj uuJl 4j lj)_pT (_£ j-JI (jyj-* j-Jt p j-^ 4jLxjxJ «LojL^d (j-ol^S 

!4jjj_»J! LllSlaJLa lj^>- <t3jJ-l.l CjjL£ 

i U clOJj ( _ ;r uSLIj i(jljjs-l ji (j^c lu SjLj! ,_psjJLi I JLA (^M^ (jSLj j«J 

Cise Ij 4 ^ <i -r U I >. j**" - ' " 

L^la L yaiul\ IjLC Lia^ - 3 aJiZLtl <Ljj>. jJj-lCL! I CjLiSlIlj CjIjjVl c_. LcJ 

jl i£jjsj>JI (_£jJ 4^j|jjLA — 4 ^r^-^J 4j^jL>. CiLcI 'i in ^LajI ( _ ;r 3 i^iict! 

. ( _ ;r ijjti!j oUII Lo-Loii jL«j LlILoT (jj<i-»o q^ j (Jj^ 0 j' 1 -^ I 

4-aJiir" i n U 4j iS'll (JjLujJIj dll JjVI 4-<j&La i J LaAlI I Jui (Jjl i" i i u j 
iJjLuJ i Lx-<i> <i i CjI jjVI liJJj L-tuL ^" 1 g 1 Jljj . j-iLill Lt^jJjjSj 

. Characterization Tools i_Lu^>j^l JSLajj ^roduction Tools ^LuVI 

2^cj_uj1\ i3jjj>JI (j-o 43jLflILo CjL>-j Jljj L^jLoi i M" ^» <\ ' 4j^jI_L!I jl jJil Jjjlisjj 
L-t-JI mVI (jja (jl-"' Oaj L^>.ljjl (jSL«j Jjj >e2i\ (jLs id li K" 1 1 j 

LA^L»_ii ( j_ujj (Jjij-Lll — 3_}LU ci)Lu_L>. j j« i -»"■ ( 1 ) jcj-uLi ^jLsjjtj 4_j_LojJI 

i^UJI (jJI 2uiJ! (jjj j! Top-Down Approach Ji uiVl ^1 J^i\ {y> 

^L2JI (jjs jL»jVI (jji jjI 2 »j \j» . — tl — SjLil '"«I ^jj 3.j ^'j- 3 i-*-? 0 (2) 

U-Luj .(jicVl (j II Ji uiVl (j-a j! Bottom-Up Approach 3^2JI 0 !l 

* * 

a\ i .i->.^M - (>GJL>JI LjK ^ VjJb ^jitj uA.\ - "2 -i 5JI» ^eila-ua i; ' ■ -« S j 

jjji 4j luLj/V| SjLU CjLjjSLo (j !l j-ajJ «^L2JI» LLa i a « (jLa i3j f^^LIl 

(jl Lll i ajj j o i agJI (j-oj . Sjs^Jtlll cLajLa CjI_ujj>JI jl CjL5jj^>Jlj CjIj jJI 

^1 I il-v VI jLtjl J J« I -»"■ ^ ...I j,,, 4jjj|_L!I jl jJkl J J I £3 ~~ ' ( _ ;r 3 (JjVI <_! ^1 tjlVI 

CjIj i'm>' jl CjLLs 3JlC Lfcjbul jjj^jjLia i-Lu uj^JI - d " 1 ^ ^ ■ " 1 1 1 j 1 ~- ^ jl 

(_JJjijj V 3-ajji-Lll cLSjLs CjLijCO. ^1 L^j (Jjj^sjJIj iCjIjILojjLLII ^jja ijVVI 
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l_gjJ! (juJ! ^yfl I j tb .jUa^jLi 100 (_>c (J2j CjIj l^jjLj 2 « Ltaj I AjLjljI 

JjaLuJI (jic 2LuliI! 3 SjjJaJI 4jajLi!l jIjJLI ^Lul (_j_jJ uif <Ua j-< uiJ 

j<sj i L^jLjjjj». jl 3.} LU i^lslj j (j-o i jLjlj^/I 4j^jLj ^lsLa_; i-aJ'J! £-a 4jI JlxJ! J_La 

Lil^JLI jj-* *j (j^-ijJ i_u^?l * ijJ i_ul ^JLaHi *(JL>JI d *j 1 ^ *j 

^_a^M i ' fl * i gali J^LSj^ * 1 3r! Jt ^^ L) -4 ^-J ^ uloj C^a jJI ^-^3 i«L*-£sL>JI 

.5 1 ji,l oLia J£ ^likad ^ .U^a Jl>.| j g^Lol sUa (_>£-aj V (_£j-!l 

4_u&La j J ' ""**' M ^^-^^ * 1 "M j W-^-**^ ^^^-^-^di * ^JjvLill cjL*HIXI^ 

(JLaJL! i5.il «U L^_<J 1 j UU L&j^^jj t_i j LLa 1 1 ^j-^j ^-tl 

;.^tl , „U (jyic <jjjl_L!l jIjJL! ^LijV Laljiej Lc^ui 

(j5^_Ls L^IL>t_i ^jJuj i<t aLc (3^-^ tj " (jj-^ \-&j-uas>* t 2>^«-4-i i^j, .T^"tl^ 

. Mechanical Milling jj^SL^LClU <>aila]l a2^L> - 

Chemical Vapor S—uLu^l Sj scjVI i^j 3 2jjJa - 

.Deposition (CVD) 

Atomic or Molecular oLfbj^JI /\ olj j II • LuSS 3-2j>L3 - 

. Condensation 
. Electrodeposition ^j^SLIl i-^j^JI 3-2j>L3 - 

.Sol-gel ^I^JLll - ^}L$]I 4ijjia - 
jai.jJI 'JjJ ^aJ' «Juk (J£ luJ (jJ t_iLjSL!l (_ys (Jj-aAJI I J-A w aj 

^j^/l i M*. 4. « Sj^jLJI jljll L^j^lr La j L^jj^La SJal u±i 

, 1 j t >.« . t Jjj Lalie a ^LlL>oj I d i a j ^JLaj (_a^o LuSLJ l^j^2>\^>S\^ 

J-iu/Vl (jicVl ^ Ljjitub2UjjLLfl Jlj>ll ^Luj i&aj 

j^I r ci^^/l jaLjcj». I jj»'"* sLlISj ^L^jjLi Sj^jLlII jI^JLI ^Ljj I <_^aJL-ul Juu 

jl dll^"i ojll a SJlC L^aL»^>-l J i Ji^ (jj^JI I £ a_^> I t^a j 2j_uSL!l 

Cjl^j-aojLj SJlC (jjJI I A^LjljI ti-i 1 1-5 «i 1 jJ^oo-iS^aJlj iCjl^j_a_Lj_i i_u ^ * i ea ) 
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Um* jaili 21 * 

iLaljLseS lJj Lc_aj <Lji£Vl<_Ja] ujVI >1o>>L> 100 jjL==^ V 4iJja 

Milling (^mK^I ^ ,,,!!) ^/.KjO ,>*WI 2—3^ : l^lu ^ 

Laser- jj^i!! 3-»-<i? Jj>Ia ^loi^ iSjjjaJI S.Sjj.L <Mechanical 

^ puttering 3jjj31SL!I 3 ij^i jJL olj jJI e^ij 3 Sjj-L iAblation 

Thin 

Jjjtlo y>. ^ 2_L»-LijVI i^jLiLjjlJI alut *lj 3.1 jaljj .S-iUl jj-o Layer 

(j-oj . 1 -i J ' 9 i ta-lla. J? J? j^^jlgJI jLc. (Jj-o i=LLa VjLj 4LaL>JI 

2JL>JI £_o (Jc 1 alli ^Ir 3jJl2JI L^J <j^>- jjjLji^JI j I JL>"i 3 u-" 

^L*^s-? j j » i <aj 2 -i c «lj 3.1 «Lu! tiJJjij i4jjJLUI .i I j <ill 2 jI^aJI 

4 _ ;t SLij IS-J, I cij aJI» sLiLjJsiJ <_3j *J La ^Ijiitj lm\ jj>.jjij .CjI i_ljj>JI 

(jjjSaJ Mechanically-Induced Reactive Milling «.U .'i,; 1 1 ^-.Ull 

^jSLaj (j^>- ' 1992 j»L»JI ^ II 2_j^JLiJ| <ji) I JujILtl! I (j-a 2_j^jlJ ijiil 

Sj^jLj CjLljLjj». ^1 Uli jjja 3j^o Jj^/ (_j i>^J tjjljSJI Ijui i— i !J^s 

(3) ■ 

4ijJ(J| 3jlj^>- JlIc TlN j»j juLluJI CjIju^Lu £y> 3 cajLtia 

^r- \ ■ uiXi i>jr LiC IjLtfuJjl (^J-L^JI ^J^l ^j - * t cLa_LlJ 1 4ji^_)Lj (^tH**^ <_aj0 

£ya (J^aAJI ! J & (jr^ (*_J^' w ^^JjjJLs. JLiiS ! jj . jlj U 

tjy? Solid-State Reaction 3 A,^\\ 2JUJI J^Li3 L^!>L>. ^ 6j =ej 
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£yt i_*Jt2 2 ojLs PowderS J^p-I cjia (ji?^ i' tjrp-iLa 

^_)JlSj i Ltiajl s^**j>JI I JUfc ji ' eaj l cJsj . .iLajVI 4_jj_)Lj «\JLl3.2 CjLlj_o* 

aJJt ^(j-^ J ' ' C"^' "Lj^jLlII .il^Jtl (jj^>.l "J. ^JlLal a «-i 

<JL£LtlIj1 CjI j 4£Lt_ul_4lLa a! f r i "w j ^Jl I ^ >< l j»j o « > ^ X^ t 4j2j^_LaJI 
d AjtA^"t tf^jLc ■ 1 1 ^I^JLI ^yjL^lIl ^jjJLI < " * ' d i a ^ a £_a ^^^Jjj jL*_)l^ 

^laic^ l^Li Mechanical Milling w 'CV.Kjtl (j-aJoJI 3 SjjJa ju£ 

S jiiSLi 5-ajLjr", ,„U 3_; , „ m jJ! Jj-kJI ^ J^-l Bali Mills o! jiJI j-p-l 

oLJLtC. I Jaj? L*i!ji£j i<Liljiiil jlj I,! <3f3-l "-u- 3 "T^"! j' i'* (jr 3 

2^i>. ^1 j-a-jJ 4jjjLi!l .il^J.1 oL-uo. (jj-o-Loi/j 

(jj_aJ! (jja (JjVl j 2j«JI cjI i-u jjLa t ( _ ;r xi3m (jj-SJI (j-a cjLUjj» tuHl! 

(j-a Lkj-jjJajJ 4j°jj_LaJ| <5Jl#j Ij-fJ^ LaLoHiil LJLj*- Juj luj ^LaJI 

t^£- 4j^jI_lI! j! jJ.1 CjI h l>. (j-a 3x. jJILa CjLIa ^Lljl ( _ ;r 3 L^fl-Ja 4jl3j S jLjj 

I * ' taJI i uli 

4jT ic ijUajjLcJl t^^J i-u>5 ^ II 4_jJL>»1 jJl l gjl i j ^j-u jjlILaJ <Jj t-a^Jlj 

iJJtlij .High-Energy Bali Mill SjJl^J! ^lJL. o! j^tj^-l^la ^loic^! 

aju ( _ ;r 3 WC ,..-^.r,tl Juuj£ SjLa jajiiej tuj — L-J uaJI i_djl_i ijj (jjs 

^ jjl (Jj^j . *^ I j^"— i ■■ .stj-ll 3 j U! cj! o_i i n-fcj jjj* iii3 — cjVL>JI 

(j-a JJlC i 31 ' iaj iSjUi! CjI o j i h-v. (_5jj->JL! (jjaJaJ! ^Lcj <3ic. joSLs. ( _ ;r 3 
1 1 j'->U jljJi! 3jl_U ci^A-ug L^jJ^Li^a £ *-« T !^ 3->^ ' ^C^! *~ j 'j 



(1—6) (JS ilJI ^jla jjj Ijuk . ^LcjJI 3.2 1 a £jj (jjuii (jj" 4__c j ! i * • 

d n £ -i ) ^3-33 ijr^l ^— J 'j^' (jr^" ^L*^"*^ 'LJ*** ^ *L^.J ^J*C I .ilaalajej I o i nj 

« £y>~ LLiJ 1 i La ■ 1 » 
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9£J1$ gt^ St 




4j|j^a ub^lx4_j J5_*ii ^ua^j .lLx_}Vl ^^jMj ^ U , U^.'i :( 1 - 6) ,J£— lUI 



(8) 



'iUajLJI I (j 'i! M 



aL*3-L Jj^s^II c^jIUU SjU! 2u^t ^^k. SiaLiJI oljUJI j^-L d 

^ jl *I^JI (ji- J>«-a (Jit cuj (jl >La 1 L^jL uj jl 4j}_Li]l 

tjua-j 1 .i^Vl 2 U... I L&j u£\H diljj i51aL>JI CjIjIJlI! Jo.} J 

jl^LI ^JL^J \g?-r ,„ jl jil SjUI c^_>K Ijl Lal .«lj $JLl -Sj-^jil 

^ j_o j-l^M Jl_u_u£^1 (JlLo 4 L^Lui_j^ * j 7r, , 1 1 cjljJLaJI Jl_u_uI£^/ 4_j£Lj_alj-j i_uJ! 

^se-taJl 4_lUx. ^j-^-J O^Hr^ 1 1 o faj^Lj TiC^ ^^LILlIJI JLj ui£| jt AI2O3 

800j 250 

6-° ^ liflj^jJI ^ 
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i . ^ , g 4_j_Laj CjIjJia ^ 3 3_jj_iLi _}L*_]| ijr II L$ uiJjULgj <Jj_i-ajJlj 

C)l u t*»» c_^jJu «L<»cLj ( j*_o*L_u_« ^^ji^. ^Jj , ^. *w T 1 ^3 t*» tl 4_lLj^, S^Li^ 

: I j Lu (j_o J^j-J 'J- 0 ' J^. SjLc i4_j^jLi 
iL^jjJlSj 4-aJLir" i n U 2'.j^ I Utl — 

ijji-tiaJI CjIj^j 4_j£.jI L$-La 2 <-j ', , ^. 1 1 SjLil — 

j? 

j! jJJ SjUI gji - 

(9) 

i ((jl ■ <*-a l J3^) lV" 6 -^' *^^- <>JL ^ («uLaJ' i U ■ „j 1 1 — 
(10) ' 

i I j'.-» U SjUIj (j3.mi . U , „j 1 1 jj^j 3_jjj^J| 3 j i ,1.11 — 

i (j se La 11 Sol i'* L&J_t£. jalj (.^J-ll 5x.j mil — 

. (12) SjUI i^tt» 2L1**] JjJLlJiI <^SL1I <>ijJI - 

i L^-Lal I j'* I j-il i—S^iji-Li ±\ J— II (3^e <-u 4jSLulSLLa i ajiieJj I J & 

Jj . a >i 1 1 ^£a <*> ax*aJiH 4-jSLj-alj j t .ill _}1 jJJ JLu-ul^l J^p»l . n t, 2_j^jLLll CjLlj_i_>JLs 

^ylc J[j . a >■ II L^j j<sjj (jr^II ^ jSLijISLiJLI i 'i!"."»" iuSLulSLL^-i I * w L: 

^yic tilljj tL^L ^ Ductile 3ljUU SjjJLill j|j JJ Sj^LJI cjI jjj-»JI 

. I j , ..A . Jjt m" 11 i_3jjJa Ojssjj t j ... A i Sjjjj.LLaJI ^|jujti<_ul (S-^-J-II 

~' 1 '- '■*E. tl ^_'j'' t *'^ a*a2ll sl j TI J.:"* 1 ••" J J •'***'"' * 

^ jj-ujJ i^l jl jll (yk 'J^'j-" J.^Mi LiLu Uj^j Li£ ,3 A j| jj,| 
I j . "aj «j jlIc L^l^Luk (JK ml j-iij 'Lj^.j i^I lS-^ (J^ 0' W J< " J 

4ji 'I-Luj laiaaiaiej L< mj (2 — 6) J£ iHJI jj ' '"'JJ • -^^J^* - <— ■ '^W^"! 

l(jri-»: lm *Lijl 4 'n jl jJll CjLoj u£>. j^j ( _ ? lll 4 lil'-WJ,! J *»lj-ll 

4jjj^ Sj-f^ Al ' (JSLuJI j J IoJJ . 3jJl2JI iLilLc <^jIj^ 3j ja-lia ^ ta i a I jj 
jIjJll SjUI cuUj u> Jj^ (jJtL 2_ajLie2 uJll Cjljill (j^ijaJU ij£ uJI 

^1 cjIj^JI i>jui ^Jo-m ^ji^. 5j jj*. jJLI 3j-u£Lll ^ i_uVI j_ajJjj . L^jLlj_l>» 

*Ih* Cy «W<jL-1I < -til m j ->. 11 ^ SjJiJIl Impact Forces i^aJI «U^il 

/m", n \\ . ^ jjjsIaJI «Lcj 2j| jja Lj/I (Ji-I J 5 a \l i^,", 1 1 CjIj^LII (^fU L^£. jj3j 

jLiil J< ,1,11 I jus ^ daa>>Ljj .(«f» 2-6 J< mil) 2jj3.Lkll Jji cuJ s Luf 

. 1 j flJe . - j 1 j" dJ 2_j|ju 3jlXI (_ajw CjI i i i-w ^«_uLa_4 -UiL^_t^ . -1_JI 

. l ' j^jiU <_2Jf 220 
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i5 - 



\jSJ\ ijy>~\^la Ala-mijj S-iUl J^u/ 2U.LqjJ ^Lu-ojJI S-lb) 



u»jL»JI ...vi uljjJI jIjc! jj^-j L^Liu 



i* 



:(2-6)JS^jJI 

. .Sj-uiJI 3_JLc Ljl^SJIjy-l^taj*!.'-'-" i n b J_jJaJ lAj-Ui. JM_>. 2 *.~*>i 

lj1 qj fii-HTtjUaal ^.cjULa ^^a^LuJ j gulali j^j uJI j_4 U 



c»* 



^jLgJJt ^jLLU ^UjvjL>JI ^ u -"'v i t _ J _Lc S^Ul Olji j^>j t^j S j b) CfLu-oJI jL*jS 



(8) 



.ua. j_Uaie3 <Lu-aj 3 >lil Sj^UaJI Jji — iIiJ J >^AJ$ 

Shear obL^-V ^^.Lkll Ji-b ^jLuaiU ^£LII j-u 4j<Siyi 

^,111 Forces 

i* Kn""j S^jJJU (_£jJi!l tfJ^l 4jLajj-u'^l Ijula iCjLj-lajJI "<l J CjLj 

12 

i(jj*_LaJI (j-^j *( ((< — 1)1 2 — 6) (JSLtloJI ^^Ja jjfc i^ILajjlj i—kll 
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(_ya^JI (_J _jja '"«I 'l ga.] j-ptj ^1 jjj i £j se La 1 1 (j-aj 3 jLjj *. . (« >.» 2 — 6 

i^Lajjlj 2 J^-J L&jLLa^l 1 La ■ '-j" rt ^-^ J 'J • "^1 (jy^ 4_ufcLiIL« 
J ■ cLuj'v i nJj^-La Sjjj^s (3 — 6) (JS ilaJI (jlajJUJ .(«J» 2 — 6) ilJI 

«Lj^jU iijUjJ iS^jJI ^rlLc (^jjjliSLI)/! jLaLIl l^j$^ujj£uX\ ^jJel^li Lk^yic 

/ ' 31 i^il j^a 2_c.L_u 200 Sjd j se La U L^ijj^aj. Juu iTiC 




^yjjjISJV I j_3LL)l ljjS, njjiLJI Sila uilj J LjjL> I ajj—ua :( 3 6)J< ititl 

Lu L ojt. a ljj uaai TlC uL LJ Jt lj L -u ^ j 4 3jl>.I^ 4lu>J 4_ ijJI ^-^Lc 

a^JUall 2JLaJI JcLa^t ^ Cj-.ICjt i ^ti jjj ta j- . m\j ,. ,|-cti r. * :-tj jU „,i, , 

Mechanically-Induced Solid-State Reaction 

_ - ^ 

1 JS! fiil]! ^^yl^. 3j jlIILj jIajj ^1 jll LdJj 1 Luk 2 LU 1 1 ^| jXLi j LaiL 

\l -^M 1 L^ajjj 3_o.jL>j| I^KLut JlSLiilj L&^LuI ^ Jiuitl 
^1 jJ.1 j-uaU^. 2 LU 1 1 j| j {\ 4I3 p , . I ggjg 2^ »21 jj| 2^ jO-jLiJI 
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Um* jaili 21 

JSLiiilllj .^-uLljlIl l*1jLujjJ n_ulijJI LdjLujjJ i JUJL>JI liijLu-u JlLa iSjjJLaJI 
(j-a I ^3 JJ.I J a tH L$lajL"La (jjC 4-LiLaJu .5 1 jJJ CjL-ix>. «I J JLp (_J jJI 

(j-a SjJjlU CjI jL^a-iU I j l ^-jj «J (jj^-la -i! jJll i-dJj CjL_uj>. j j» i aj jLs 

d LU t d A , .-.^tl '.(jAJjLLI (_JjjJI t_*jj^l!l i_3^VLi>-^ i4.uLidtt.jSLI I 
'.(^yJj Laii (_b>.lj_a SjLC (ji^. «d-iiail l\ _ail oLujjs. j jj • taj 
, U » . 1 1 2 LU t I j| cj! i ..-v (jiajjjtj JlIc •■ cr IjVl *LL> - 

fjijj jl_al! dJJj cljLaj ui3- (jla iCj!j£UI <>jsJ_aJe Ji-b 2l5 uiLlIl aJLuaJlj 

j-Jlj 4_Lc fs^c-y I 1 a i(LjSLa '"j L^ljLitj (J-2jj SJLLal i^/VIj ^Lalalll ( _ ;r 3 

fjjs LjJLfa»! uU tjLa ij£ lili I ^JjC jljll dJJtj 4-LuLa (^Jl Ijiajj . L^aL^-L 

Jt 

' ^* * ^.aje l ll ijr 3 t JLu iJ y£Lul£Lil1 {j se La 1 1 Jivlj^a ^jjs 

Cj Lu_o. £_3J?elJ ! 1 J_A ijr 5 4_j ^£La i ^ (^j-lj-O* JlSLj Sj^j-ta ^jjJ^. ^* I £- a 

La^ idl^XajjllII (jJi i_sW! oLLa ^Jl I /Vjl Uj _>L*j| J ^L^-Vl 

(«c-j» 4-6) JSL^JI 

^^jjLLjj oJLijSLJI 4£Lu ui oLljjjv qja 3jL>-1j 4_lj_l>. c_<i] 4_tL>.1 jJi 4 ^^-11 

3I i^i~tVI j ^«i-»-"lt Selili cijLjUjJ! L4JJL1J ^pJI 

Jj^a j ol ■ nu 4.t.aJelU CjLjjjJI Jl^ Ijuj ijjjaJaJI <LlL«j«J ^jVI «LtlajJI 
4jjJ oLsj iij j-ii uiJ Ljja i(jj»IaJI 4-J »c Sjjjlil CjIjL^j>.VI 

cjUjJl: (^jkj i(« i» 5 - 6 JS! uJ!) 4jj>LJ' ^ Plastic Deformations 

Jbljjj i at La U «LtlajJI Selili Sjbj •J-'J-''' -lL^*-V1 Jl jjj_> J^jj «Lajl J 

^Vin cjLaj iij «U^. i^jJI iSjULI cjL_Lp~ Spjil (_^ajJI a 
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JljI>S ij^uK-lU ^sejali ^jjjjjJI SpAI! ajLj :AULUI AJL>jil - 




^jjpSJVl lj^SL» «jjiLdl 31a mlj ■ ljj-L> i <Uj^>w< (1) :(4 - 6)J< it.tl 

iljLcLui i", m 3_ii t j • ~- 1- julj ^ujJLtii Nbj()Zi'| (|A1 K)Ni ](|Cut() 4<_m m < 



(16) 



icL* 12 e-\l di: 



' 'Co 75 Ti 25 



u- 0 ' 



-'i 



■.U,„Vl^l<- 3»aljtl,-.l \\ j-^VI ''j aljlXI (jSLuKJtl -» UU a \l 1 1 .-.I .j i^. 

^jj! 2Ljj_&UaJI LijUajal jU-il J ■ aji J^p-l . n U Cjlflj .itaj-J idiLjjjail 4-l>.jLJJI 
(jlsjju jlJi (« 1» 5 — 6) (JSLjJI ^£ c^^-JjO jji L«£ i^p^jjlj 400 (j-a jjjaf 

' ' ajf 4j3 Jlj[>2 l^jJl Ijuk .icl t_u 200 AJlA 1 j i -» ts Jju jajjjLjjILll 

/J (<cc_.)) 5 - 6 JSL^J!) 
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$J!$ 5LJ SI yLu 




L ^) j 

.ij-uUI 4_JLc ljI ^ 4j LL> ^ti^" mb 'j >tlaJI 2lcLu< 200 L-fc^ic J ■ — 

.j^-^jij 500 j£ su^UiJi 

(17) 
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^-H-t-t 1 Cj i-U-o- Lili j£ jJU^jj . 4_4^cj%_i 4jj LLo ^ .Lse La • nJ 1 4IL>. L<-u.a 4_<j_l3 4-i-cuJ 

■* ** * « 

j> 

j! 2u_}UJ Layers o I lAs 3jj_^ ^ oLteiUl j udl jJa m 

tj* jjOJI ^ iiA aOIil Ldjj ^Ja uJ 2bL2j c^j $j ^Multilayer Sjj *i* 

! ^Erosion JfTLU! j! Corrosion fj .^tl (jj>ls ^ J^alJ 

2 of Lili CjI jjj-sJI liilj LgJ (j ll! S-^^JjjSLlIl CjLj1«j<J! (j-a t I 

>.\ sej < n' 

cjljudlj «U i^jUJI jJa ui V I Coating 3 jUVi Jl « J «Jj 

J^IUJIj (^^L) (j-a 4-l3ji>JI i>L<1I ^IjJtjj-ul CjLjJu^. ( _ ;r 3 4_a JL?-"i inti 
Jij Lu-uLiV 3 j->.jUJI j 4-iLi.l jJI jja uiVl (jrt kjJ tiil jSj ijl iJI j 

2uL>.IjJI jJa uiVl l;;^;' 1 j y ^Desalinations S^JUI 

.Oil Refining ,Uami c^jj jj>Si lIjLW: ^ SLajLa-" . U olj^Jt ^ 

CjL*j ui^. Jys-J I fi\ 5j lLjj 1_<J lajj i-V! 4-t^.Lu^aJI CjVLaJi! (j o 

^uil Components oLijSLa ^ Parts Ji-a3 2Lal!^JI aJLc Suius 

jl^Ll i.d5UuJ SjJaLalJI Jj< uuJI tuLLtc iMl*a .Final Product ^1^1 
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Um* jaili 21 * 

JlLa iCjWIj CjLLj^LaU !jL>. ' gali ^ljj>.^M ^* ' Cjl_ja£La ^U-l*3J ( _pajJLl 

j^LajJ (jjijijjj! dJJt I j * " 'l » * < ^ 1 1 jljllj dJLjL i^J! OuL£ La !il I . ^. j . ^. 

. S_JLc S i aJ 

(^k- Consolidation L 

1 J' 

l^j^j ,m«iU Hydraulic Presses «^SLJjjjj^l <j-ujL£LU » 5LLa lJ^j 

t 4£Ll.u Lalba d g Iaj i A 4_j LuJaib Cj La-n-gj*- L;r ic LgL^> tluj L*_a L^rc_4j 

St 

(j^a jm3 t Hard and Tough Materials J^^aJI j 2-ajLHI 5lJLc ^SjM ^! 

(^rLc ajiir"i 1 11 U i_JL2JI £_u^2JJ ■ 4-iSLualj j i nll jljl! jl JJL«J! l_JLa dJLjLi u 

t j' . 

^jjjJjJj 4o-uk ij^- L)' tl)^"" 1 ^ i (JhP*^ ' L)' -^L)" 1 L^ 4 -*-^ l)^ uJI 
. I j Jj ii^Lfljj L^ILlj » ii-i O «JL> I 1 J " (_£>■*• ' (J^ L?' j' CjLmSLa 

i_kJJII ^ La (^l!! i_, !! j2J! ajjt L». ioxj (6-6) J£ ill (jisj »jj 

.}! jj_a _}JmJ 4j^jI_J1 J^-O»! i tiXl ^-J-a_>»JJ tuS iJ7 ^ L^-al JL^-**i i nlj I j o J o 

j? 

j<u-uLj 43jj-«Ji!j 5-aJii>-" 1 .i U (j nj'CIl 3l j| Liiajl JS! ilJI j j IaJJ . «LalHieJll 

.Plun 

j> 

(J-^^- ^-i-t-Laj jLu i4_JLc 4_^Ll£Li ^Leilh t_J-Lg3 4 _ t jL^j ^_HJLo J J < ^ 1 1 — 

.oljil ol j M,r ^1 J_^aj iSjujL^. ol j-a Pressing Load 0 r,i<11 

SjILil 4_LjjfcJl (jji^ J 4->Jl ^j^y i«Lojl i_oJ1 ^jU-^tl ^-yj ^L^HjVI Juu — 

„ j, ^ 
^7jJtj . L^j 1 n i-w £la^ -^'j-^' SjULl (-_3^1Il>. Lj L^jJuo ' alojgj <A J-Laj 

, ISLi-o Lftjjaj LtL^a tj^^-i ijy jL^_tJl ^-j-U1 
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:(6- 6)^51^1 

(18) 



o^LpJI (juu^ (<Cu (pil j iCold Pressing jjLJI ^^k. ^- ■<» - 



cijl^oJ! l _ y j-£ (<Cy ^1 j iHot Pressing ^LJ! ,^1 - 

. |^ , i, ,< jIj-U 3jUI jl j.^.M 2 U;;', <j_a %75 3jm'i 

'j ^jj La L^-»-A I Jl5j la^j-i 5 ll i ti]|(j-i c j tllg^ '**' 1 ^ 

i^. ^uijJ-l^^I < v ; PlasmaActivated Sintering UjMJI ^\ jc^i^LiLkAill 

2_k]Ll 5 .» , ^tl iVI LcalJ j V L^iiijj 3j_LajIl 2 j^^JjjSjjjil 

<UL^> j»l lms>. \ ^\ L#b^>uj SjjjLlII CjL-l^>JI (J-oj^ 4 »c (jl J_u i J j ii <" 1 1 

j? 
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^ P ^ . v, ^jjj I juij ij-iij>a Thermal Stability i^j'j- 3 - ^L^v f ^ 
Jl^GrainGrowthcjLjLoJI j «j .4-JLjlII SjIj^JI cjU-jj jl^ 1 £Ly^>- 

j-aVI jl^ I jlj .cjL^LpJI j «i itl I j #J I j^j i aj. ,JjS SjUI I4J jIUjj o iK 

i<13jJ<JI SjIjj». 4 Ju£. Cil 1 j 1 -»JI £-a-3J & - n< * C " '-^L*^ ' 

V JjLJI (JJuSJI Sipil (jl ijJal jJI ^ ^ JjUI ( _ ;T l£. (j-oj£LII SjjjjJo j»l JiiejjjiLi 

e J? 

j? 

Juu ^L^lll ^2l1M ^ ljuL^jj 4j^L-*-^ ijr^ ' ^* (^J Jj I Jufcj i L^ ijr i£. ^ a j La U 

^IsLiis_)V Ja -LrcuLui (j.u-i£LII 4_J_<ui 
^ **" ca 9 1 ***' a ^T 1 **'^ ' ^ ct^" (J J ' ^ ^ ijr^ ^ ^J-^ Ijr^ J-SeTJI (J iL«4lbj 

2uLxljj| j^uH ^liJI Jo j uJIj t %99.5 jj-o o^aJ «a^li^ 

4_L<Co- ^^y-ULJ ijuk j .jJu-saJI 4_j_Al_tIua 4jj_)LlI1 L^jLi_uj>. 4_jj^j ^jL^JJI « HX»U 

.(jm-a JLs. ^Ir jjs-lII IjUfc jIjJLa SjLj J^^' (j 1 1* 

f 19) - 

JLLj (jWjtl j»L*lai'^l IjlAj . SjjjLJI ^IjII L^lu jjjsj i^jIj^JI cjLAIIj 

jl a iM,l Ijuk (^3 4jibtJI oLsLjIjIiVI dJJj lIj^H jSj .jsJUJI s l a-jL ^jlill 

3^113 J^VLi-J 4jJLc SjIjj>. CjL>-j^ JUX. CjI ±;U->JI (J^p-I o^ 1 ^ c^! 

jLjlJ «LUaj^jjtj (J^Li. jj-* ^^H- 0 ^^^J-P J^J-P l-^^-*- 1 ^jj'-^ a 4_u_aj 

t (21 ,20) 
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d A h a jj^lll I <icj_<jj?eJl 4_l3 jj ^3 3jj_u3 I » 7 — 6 ) 1 j£Lt-*uJ I (j-LJJJ 
^^jjjvl jJI c_(_i^IlJI (j a Je fl 'J . a^LujJI Jl-Uj^ Cj Lu_l%. Jj_o-.L_uJt (j->-L-*-"-M <_>-3L>JI 

J! 




3 n\~ mOl^lt *^U^tu j^j^JJI ^ J^u A_>^l^ alia^ 5j3_ua ( i) :(7 - 6) J< itiTI 

^Ufc-Luj-a ^-«i^ J^-Ls Cij*Il31 ^jJ I iLjWlj ljLuSUI j » jjfl ^ fl t A," , ..t I 

£_L_j Llucjfc- .iU^jLJI LgTu^gj (j-tu5L?l ' t ' 1 -r' Juu uLuuoJI aj ^ubaj jj^ji^Ii t 



(14) 



jjpJLJ A^LiSLIl ~iL*jjL ^ LcLojjI ^ylu U^s ;ulSj2J\ 
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Jj L«ajtU ^_aji]lj tu£Lli CjLti^c L^x2 *" ^ UJI 4jy £Lu l£LJ, I sc La 1 1 4_j_LSHj 

Bulk 

^j^-T 2uiS3 ^ jjG di! (jf r ^ "Al • Nanostructured Materials 

4jj_iLlJI _il^_U HjLi t __^L>J! * i^J i_u^l ciaj £^ ^ S ifi i *l"»r * 

^ C I ' t— 1 1 £L2jjJo» jOJ-ul LSlIl tfjufc j 1 Lajj ( _ T JLc^M 

Jj-afj . Nanolithography (<y^ jjLjIlUI) ^la ^Vl ^J^. 3j^Ll!I 

^ l^jj c^tj i^f «2uj^»J| ^.LJaJI» ^jt, \-£ias>.j5j iLithography j & 

Jla toLJLl!! Jljjlj Stones jl ».Vl L. Images 4 Lj jj 

. 4^ii! jljil ^Ijiie^ l^L L^bjlLi j»LlSJI («3 Papyrus i^jjjJ! oLu Jljjf 

£-La uu^\ C;r Lc SLcLtlaJI J-a 4jjj*ir»JI tLcLLaJI ^Jia-i^a ^Ijiiej ui\ 

.k^Illl 4^LlLJI oLiS3 ^Ij-kluiL JIjjVl ~U,.,f< i>U 4_L>.jLiJI 

<jf < j^jJLi ^jJi^JI (j .Inkjet Technique cJaLLll 5 Jia 

a_i^pSL!VI oL l^UJI S>^>.l Chip Structure (jjjLa jJ 4_JSLl$]I 3 w .tl 

a 1 . U. 1 1 fiLSjjJa ^1 jl^j i_ol (^jj_Ls ^j^. ^]_>^-Jj * L3 uiAj 5j£LaJLi I g3. Lu] ^ILi 

ajt^VL 4jjjtuJI 4^.LlaJI j? Optical Lithography a^j^uJI 

. X-ray Lithography 

~ U . .. I ^Ir <ic LlaJ I j SjjbjjJ I <lc LlLsJ I 2 ala I Jjj LaJ I (j^. I j-jjljj 
LilLuii itLa^aj 4jjJl>- CjLjtiia jjjs L^J La JS-iJ Lfiij_LCj el ^aVIj ^jl j^VI 

^_La i_u < 1 l - u >-^ (^y^ 3jLa CjIjj jl CjLujj>- J-^iJ l_AjLdul 

O LjJuuJ i Liiij ^j-a-Jajjj .^jLUI Ll>» jJ j_t£j < " ) I j * Sj d La i •■! ^oj tiJLJjj i^jj>»I 3 J La 
3x. Lilai! ^JjjSJ^/I ^L« tfuJt 4\2jjJo Jfla i^j^i-l CjLiiajj jj-^ 3 

3_iiS3 (j! j__u 1 1 & j Electron Beam Nanolithography 3 j^jLUl 

Dip Pen Nanolithography «JLU 3ia u, I Su^LUI 4x.LilaJI 

(jJJ Lg-ajJa! (jf r. _ifj jlS^ I jJ <5iil<") L^lS?j Ijl ilil Jj-LaJI ^ .-uji ^ 

. jLjjji jLstjJ (^^Jj ' j t-^ a» j L^jjila ^j_Zolj jojjil!! ^jjLaJI 
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j -j T* ri pi^t'^t^,„ij *~2ty,[;\f2^[ ^u.\f2r,*~m 

^Cu iSjjjlii'II icLJaJI (j a iij^^jiA 5j**r, Dip Pen (j^^^UlI ^12JI 2 jJLSj 

j^lc (Jjloj 1 <i 1j a LoLx-i tx-La i u m^I *** ^ ' " p j o * L^I^->" (j-* 

La ijj^LI *(3ljJ^ ^e-taxju (jyk j_j^>JI jj_a i taj La 3» ^o_»_u^J j_^>JI j^^LsI L-Lal Jl^j 

t ^jLJI Lo-^J^i* (jf j & j^_jju>JI SDip Pen Nanolithography (DPN) 

I , „I , Atomic Force Microscope (AFM) 

- Cantilever ^^Llll ^1 «j^k. - ^| jjj ^ „J| L-ajiaJI j& -^j^ 

cjLlU^. JL»£.l jjniit iTip Probe <j-ui-U «>j| i_a yu ^ jJI i^j£L^^£LjII 

^1 jJiiJLij .U SjU (j-^-jUJI jJa uJI (^k. &3Jl!I a-L&LlLa 4j^I_LJI .Utl 

~ ' ajj i *J-j"^ ij^u ^JJ- 1 ^ O^J^ lS^' (« I» 8 — 6) (J'C i"itl 

oJl&j .^IlajjLj 60 LgjjLiej ^£ mJJjuj V Sj-lVI tfjui <j-"lj *jT Ij-"^^- 0 L)' ^ 

j' , 

4jjjlill JL-LiVl jJkj Jj< mi" j juAij L&Ljl SLaJLa-" i n a i L$J i_^>LlIlj SjULl 
.mJj^-T 3-j.La mJ? ^la-m (jyk. ^J.'J ' 'j"'.' i^iJij i4jja-LOJ 2Ja J L*sji£Ij 
^pJI i4ijjJaJI o j #j J-aj<J! 3 jSLuLSLus ((«-J» 8-6) J£ ul!I £h jjj 

.mJj^s-I 3jLo ^Ja uj (-5 k. L^jj ij/jj .ilj-U 3jU! cjL5jjj>. j! dslji (j jj^ti! 

^Iji tfUo! (jJiSlc mJj^s-V! ^Jt j Sj_i!!yU ^^jLiJt ^Ja JL I j iS - ! a! 

j' 

jj^jjp ljjII ^Ir L*iljj id-iSLjijKjJ,! j 3jM ,j^<<! p b. ; 1 1 ^| ^| > *^<- T i i aj (j 3 

^j^a^Lill j Microelectro Mechanical Systems (MEMS) ijij-JLajjljIl 
. Nanoelectro Mechanical Systems (NEMS) 
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(!) 




^^jvjlSJI gala i uJ 



(v) 



'A ^ I ■ U < i J^c ^L-iiT-ylSLya (u) .(24) 4jj j-JI Sj-atlt-ijS nJjiLou 2UaL»JI (j »j«XI 3 

J< nitb La ijLa * la - t 'iUjvjLWI 3 3 ; la 1 1 jjlc LjLLjj^sJI ljIj jJI t i i wjj ^ iUajLJI 

(8) 



j? Design p j 9 ■ aj j^lc Ja-*i!! Ijuk 3_a < ala jl«j-*3j «^t^ Vl 

j? 

Tailoring (4fTLp.) Jj.^^~; aLlSJI *j iL^-lsil jl jJLl 4j^LiII Sj «II 
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iCjLjj^>JI ^1 ul)ljji__11 (jjO (j_j£JLl la. I iJl I g-lSLi & ^-iLj^SLa 

_ilj_tl Liaj i JlSL<iVl j _iL*jVl 3jjLit-o J^Lui ^ I g ■» i >>jj 

jjjilj 3_j^_iLj J^Lut u Lc Jj i a >■ 1 1 ^1 ( _ ? j*.LijVI Ja i * II !j 4 <_2Jl#jj 

i_4J^jjJI L#J (jyjJI VI 4j J_lL2jJI jl jll ( _ ;r 3 SjiljUa J-^- > ^ i ' "J <_>al ^^^J 

CjIjJlSj 3j_i_aILa 3JlJJl>. i_£tjLLbj 4_sI_Ud| ^y_L»_l (_£J-JI J-aVl ' d ■ tid I 

* i aJ ( _ ;r 3 <U uLjji Cj LijSLa j l_L*£ L^Jjio J_t£. J^L—i^JI OJL^J 'l IjLt 

■ 3 aJgjcXI Sj^jLJI ejjj~-^\ 

Sj^jLiJI Sjg-v-Vl j jIj U ^Ljjl Ja -i '■ (jLa n_ajLgJI I j & jLLJ 

j-uaLlc 2j}1j jJs\ jj <_J Lalu «^Ir Vl (Ji u V I » u! JMi- (j-a 

MBBs) «SLujjjJI 2l_LJI oLLJ» I^lLl jlJaj ^ '.II j .«jUI olij^ - 
(_ylc. SjjlSJI SLiiiell cuLfbj^JI a j^J ^Molecular Building Blocks 

CjLjjj_>JI 1-4^1 0±9^-^ l£j^~* I J ' dj LSjj^>- (j-a Ltj_LC £-a JaLjjVI 

j? 

p 1 1 a 1 1 ^jjjj-til L<l3j 4j^jI_LII J^Li^JLi Lg-c^Lal Jirtll I pJJ 
dJJj^ljlitj u/l LgJ^VLj. a g-jlali mJ 1 4-S.y3.aj 4-a jl^h a Jjj Ia j aljj — 

. L^iiiiej j|jJ,l Sj^UI JfTL^JI fLu ^ 2-ujj^>JI cuLLJLIl 

* j 3 ~T ■* ^ * 1 (jr^ ^^iieJLl Sj^jLJI J^Ll^JI i_dij i_kjJajj 2jJlSJI — 

SjLc (jJI l_ajL»j| (jjLjjLa^i J i^aj JlS (_ylllj i^l 3cj>.VI j i i a d oj^jjl 

. CjIjIL^jIla ^j^* * Cj I j^La^j£Lj_a 
j^La-so (^ric- j<uLUI ( _ T J»-Llj^?l i t-i a ill I j & (j? ^1 Llii j_i iil (j? 

(j^sm i jL»jVi ^^jij ( _ ;t jj^>ji *lllU oi m k L^ai jl?-" i nij ^ 3 ' j*.* ^^Al)^ 

( _ ;T Jjj^>JI ^-.Laj^eTiJI 4_tl2j p mlj c^jjlj ;2j^jLlJI Sj^>.Vlj jlj U J^Li^J 

: La-a cr^^j (jJj 2ui3aJI ajjs, p , „ n rij .Molecular Assembly 
I Laj| L^k: jjULaj j^UIj tPositional Assembly Cr * Jl ^aJLl g. xa^UI - 
.Robotic Assembly ^^j^JI j! ^JVI y^UI 

. Self-assembly ^plaJI ^"-a^UI - 

106 



Ljajl Positional Assembly w . .Ujtl ^ j-ir" 11 ^i'"" j j <~«~ 
i_JL^Vl tiiJj ^Jl (Robotic Assembly ^^jj^JI ^Vl p ^Li 

SJLjia <_4£.>LlII J!VL>- (j-* 3^1 «H lSj j-II *LiJI ^ jaSLaiLI S-aJiiti uJ.1 

^_ujj . 3jL«lI w La-ljJI JSLl^JI I j» L^al J-aj JJ^^Jlj CjIj jJI i_< jjjj 

*LuJI 3-g.l j ir-i 3^1 c! lJ £ j a Ltaieli I (^j^JI _jl ^Jiiej m «II CjLiIZlII <_£j tj 

SjJai. 4-ujj^»JI _jl 4jj jJI 31SLl#JI ioLcl CjLJux. "Lijslj-aj ^ijj 'SjL»U jJI 
LS^JJ i JL>-I jJI j^La jjLJI (_J jj i ii a ( _ T 1^. lili i LgjLjjca jaSLallllj i "j La 3e J 
dllj j-jjlaj jVI . 4-JI J^j-ajJI -ilj-ll ^Kj^jll jJI p j« ifTitl ^i^a-J 
Sj ji i^-ij 4JLi3.} Cj'ifTj «Lli I gj 3 >J LgjjJLS £-^JJ 4-tISlJI 
3j_p.VI Sj^LiJI SjJLnJI j jjLill Lt»-jJjjSj £-a I j" I 4jj uuJI CjIJli (jl Jiia 
i_i£.^Ll!l S^SLa t>i^£- d-i-a-iAj (j-CLa. LJ I j al «Uli (JLp- e-4^.1 J i ( _ t jJ3U,I (JJ-2JI (j-a 
(jjj^ll Jl^ lilj ^iLa-i «lljjii I $xu^jj ajU.1 CjI jjjj>-j CjIj jij |_g 'j ^tl 

U^a il^a-tol jIjJLI 3j &3-VI J^L^I Internal Structure 3 jivijdl 2uiJ| 
jl^3 ij_ujtllJI jL^ (jjj '^jj * ' ^ ^1 LajIjuI (j^i-uLia cjj_i£j L^aL^^J o *Jj 

( _ ? jjjj>JI j_ua^sjJI Sjis (_^aitxJ (_JJ II ( _ ;r 3-jJI <t!j_U-i ajSjA \ eJJt, O il£ 

(JjjjIj p-ukLla ^h-" cr^ J '^"il l Jj-^i iMolecular Manufacturing 
. (26) 1981 f UJI ^ ^Ujj .Eric Drexler 

4jf - rlljj uj^\ Ijuk ^ llkje-a jj^l (jiUtj - ^ Jj y3 i(^jjf V j 

jl i jjLlII Ll>. j} j i<"l 3j^LjJ,I 4i>.jJ,l lLIJj - i-La-iSLI I al «l lr (j^ a ♦ j I f I u 

(jjJijJij 4_(_uJl1^JI »1 o lr p flj ^Vjlj ^_ijlj^_iiiJI jc-A*LS lIIj T I jjj_) 

I Jjj ' fl> JulC LlI LlL>> J I Lajv^La I JJt . 5jk£J_a 4_i2_l^>. Sjjj j ^cJLjlII 

i-dJij lijLsJ,! (jl-t-j l j'" SjJjJlII i<Ll«1*JI cjIj_<uJII Jl <ir I cil . nl->J 

^j^* Jl Jl>. I (J^>- (3-«-»J J J- 4 ^' \j-&> Jrtjaj t_u I j . (^j-UsUtl (jj-ill Cji-u-uL^Lll 

j^t_tujj i^^yjj^^JI ^_i_u-aIlJI 15j L^^^ji^, (j?-^' Sj^LoJI jj-c SjIj j" ' pj'" 

^bjV 2 nl"^ell jljll CjIj j J^jUlIl ^ i^JlSJI jiia pjl JlII ^JoVl J.^Atl j 

.4£.jjjJ,l <LuLl«jSL!I cjL^jJ.1 j cjL*jjJ,l (j-a jWI Jj cjLHI cjLIjjj». 
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«(j a-btJI j ."Ij'itln jo. ^1 (jLl>.VI (j-a J-*-a J mJ jJl ' -iL>-!l (j slull 

4^>. (j-a 4j-oJii#]lj aLj-ijill al o 1 r £fUJ (j -0 ^W^^'j *Ll»j£L!I si <l lr jj-t-l 

(jj jLlo (_yJI L^I _^>. i j ilill Ll>- jjii cjLtUjJ, j j|>^1' j-a-Lll £-aj -mJj *• I 

(J^>. (j-tl$^>JI ^yj[^j}\ IjlA i^^j-uaU,! jjjJaJI 4_)L$j Jij-a 4_ilsui]l dil d j i laj 1 1 

aLiJI (jljLkjJI *Ll»-V1j c Llo-jSL! I »1 ilr fji-ij u)Jui «t_i ijiill ^ j ' a 3 » 

J)j i ^Jj ^JL*J1 .ijJL m£ jJI j-a^l i4_t_uJu^JI j ^Ljj-uiJI »1 o Ir jj_a rO^jl a ui] £-a 

(J I l_OJ^JaJ1 (J_aJ . JjLlIl 1 -t>. jjjj OLL UaJ (JL^S_a ^£ £j LU I Cj1jL>uj 

^ «MjjjLill ljr <d*l\ OjsjJI» <L1>. oli- J ^^lll j i^llll j«JL*Jl jl JiLj 2 j^JjlII 

(j^jIiII LULc ijljii iJji^JI Ijuk jl ji-u .3jiXLU Sj^p-Vl cjI^J ^Jl 

(jJj-uSUl (jl J n' r I ijj-Ltaie-uJI ^j" mXI (jy^ J • Ll^J^ "tsejVI fjij Ju3 

Lajj^af jjLill Ll». jjSj j jdi^. (jLl (j^_LaJJ,l (j-a ULa iMjfjJl Ijuk ^j^jLiiJ 
i<LiiZbeJ,l 1 ™1 , , > t Ijj i j LjJ i jjLill 1 _l>. ^Jj C.<j ^T l3 JuiS t^j a ae II l£U_a 

3? jjjJI I JlA i* jjj J£ I j! (j-a La^Lkjl ij^aIjlII diitjJI (j a 4^1 j iil 

j^-Ij ga i a sej Jl>.jj i I S Lua-ua sej l_La (J£J (jlj (^^L*^ 

1 ' ... A i T > Lijj (jlj 43l jj ^sLlII (jl ilLU j5 i^jTj • LuL^aj^aitll U^jJlSjj 

• jl 4_u-£us_dj ^Jl ■ a rt ^\ ^ j d segi cLLJajj 

i_3^L>Jl t-lj mi 'i ^1 Clof ^ylll i_lL uiVl («JJ^Il l?J^-^ r ''"'J' 'j' Ai'j 

4L0.VI j sLiajSLII J aLj^ill (j-a 2j 1 nL-uVl ^^IjlII Jj-^t (jJj [jl-LaluIl *LJj«J1 jj-Li 
Lo^ jj i^v" Sjjj L^jl (jr^- ' d ' ^j" (j^ 1 jjLlII Ll>» jj X" m?JJ^>- (J^-*" 

Jj^ i""il L^jLjjjL». j ajLll dilj j j^«j>i-i 5JL<jia jU 4j1 J-Jl jjjjJ LlUJ . 4ibjL>. 

4^ jj^jt_4 «Uj ^^j-A iO^\jt-i\ QjijL)[j2ja jT^l^-»-^ jK/t l ^ j^*' t La 

4JJV1 jljll j^/ l*J I jj .^jJlIII j Lgla liiJjL^Jl ij—jjj^alll (J^ ' 

4_Ji.ljJl 
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. 0.3L4D ^jJlII (JSLj^JI (Ji-ljij d -i taj i " j 4jjj-a 
jj_a ^ d I" je 1 1 .il^Jtl diLljjj>. jl ^-ilj^ ' agla^j Jjj i_aJI ^i_ul_L*_j^iI (jl^J 

j? cjljj a^jj a_u£}j>. J^Lui jf J<l j* Synthesis J-^-f 
j^sLk. olljj^. j? cjI jj (^k. 4jj^>J.I 3nl~^JJ (J-JL^JLl Mixing Jali- 

I Jui J^jJJj . ^llftU Sj^jLlII (J^Ll^II *Uj CjI Jl>.j£ L^al Jiiej u I jl^J CjL^j^o J I 

<U SJljJl». SjLa CjLljj^?- ^dJi 4jj£La L#J j . V. I" a I ja \l , ->~ j} 1 j» " 

VthLjj (j-^s ^-iJl «(j 1^ <_JJ£ Random Fashion ^1 j t_j JL> 

* " •* 

i^^jLiJI JSL14JL1 SjLlitij 3jjl« j^'>*? ^^Aij^' Placing j-^sj ^ 

!^Ss S^Jiiej tjiJ,l ( _ ;t juJ3jJ,I j_l*jcjJI 4 2j^Ja ^1 1 ui jj tu? (j? Jjfj 

Undesired I j^'a jl "'j^^ ^j-i-l cj^LcLjj «^j ui» 
j? drv^j- 0 Jali. j? jdc jLp-V! (j a j_u£ ^ iijiiej I iReactions 

!^Ss J_l£ ' " 'N C I flj II lLUj l^JpJ . 4jjjlri"tl 2 JjLLajill Uli , ^j^l 
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ji. (Jli. CjjJls- ^1 (_J jjj (_J jJI J-a^l igliftlj (^yjjj^JI (JS-l^JL jjal j-a 
j-jjialll j <_uj,l ^JlZLII j? Ji-u (jgj Laj II JlI£. 4j1 jl i -llj La Jal j j jjj,l 

^yJI ^jI jua isLlajSLII jsJLc ^ S-ajJiiU JjI l^jJI j ol_ii2l!l ^1 jii<^ <-J ^ 

(Ji»lj ( _ ;r lj3->JI l_< fj>i!l 3jl jjj i3-4jL2JI CjLuJ uJ\ dilj jl ca^ejl 

.«Lp-Lo^l A~ n K" (^^Liiejlj i_jjJj-uVI 5 tj j , ,, Sj^Lc i<LjjjLl!I J^Ll^II 

5j^».VI (J^LlA j. -u-LtaJJ i ■ aj Sj^La ,Jjjj>u J Jaili O LLs 

«^-s. 1 , ^ ^ ^ ' (JJJ^JlS 4_!j-LCJ i<U2_L*L>. j jJsl j ^1 (JLp* J I ^1>> JjJ7C_a 4j^jLlII 

4-lL>£. oLut-a 5^£Lill eJJt, (jj iLa» i J liuitl (j^/ lilljj ija^ajjjj aLj-till »1 «ilf 

CjL^LlII «Uiaj^jtJI «LajLLaJI lLUj 4jj mi i II jjLajjs* ^1 5 ■ i u <jL^ (J_tiui!l 
<U-l>.j SjjS 4_3_LaJ J" «a j i u (j 15 mJ jJI j-«^l 'j*3^l Lj-ajij-" i n I (j^ll S^SjjjJLl 4jjjLl!I 
A* |J|ji ,Utl &l U ^^^'Vl (^icj .3 allkU SULulalll CjLcLLaJil! J-af 

^l^laLi (jt aL«JI ojsjJI j^Cijc-a «jJLu£Ljjj l*J^jI» L>.La jJii A Uj^j L«£ 
Jl^j i 1981 j»L*J 2_<SLjjjjVI SjLalll cjLjVjJLi «S-lLLs^JI (»>L«JI 2_L<ujL^f» >ajJ-« 

«L*jLaII aj^LHI lLIJj i JJ-La ( _ ;r ljj^>J I ' "**"' ! I 45_j^JI Jui ^>isl 
diLljjj>.j ^-ilji (.j^. jajLaJI i ■ aaoll j ^LjjVI f_yS jjLlII Lls-^JjJSj 4j3 tuia 

Molecular «oli^JI ^ cjVT» jl i \ 4ibej ^ j^j jij .SjI II 

^jjL^^Us^jojio Living Systems «a^oJI pU;tl»^a ANj^jtl Machinery 

««LajJinil 4 T ujj^>JI 4 uiJlI^JI» di Lu aj jj^-Lo (jii CjLU^LII dJJ3 SL^Laju ^Ll2JI 

J' 

4-^1 ;U.^I cjLl^Lj^IIiI ^ LuSLc^^l Advanced Molecular Engineering 
<Luj)->JI '"'l ij i ' alll jlSc Ij j- 5 ^ ^j^i" L^iLajjjl Laj ■ j i^il ni a Artificial 

. Jls-IjJI jUajjLill 4^JlJ L*il i L^a-Lul ^ uj^jJ,! 
(j^Jj^-JI CjL1j^>J I ij n ■ aj Ijuk sLUa_^c ( _ ;r 3 jj^ tu^LjjJ w I Ji^j 
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Um* jaili 21 * 



^jju^j-tll (JlL« 4JLl9Jl1I 4jj_)1_lII CjL*j_lU t^ya JuJulI 4_t uuJulAs 0 1 j ^ i gaj * 

^Iju^u-uL I ^"1 j-Us^j (»12 . Jjt mi'II iZj>L^>3j Bearings <_JL>Jlj 

j' 

3-La uu\ I jl2jj«JLI i^jL*i!l tfjut (9 - 6) J£ i!l 

IjUjU-^- Ls t_u j (10 - 6) J£ i!! u^jj _ c ^ 2025 

iMolecular Factory < <C;r fb>?^' 




2LfliHj*XI LjLJLjjjj. LjLL4 j.4 L^J£L_ifc L-d-JloJ L^L-j^O ^JSL-uJ I <j3 4_Lj_dt 



(27) 



111 




(v) 



JSLjSs * ■ aj d-JLtSLa j^_So U ^ i>>l^llal ^ (5) :( 10 - 6) J< i7.1l 

jj^-ti cii— >Lai jsl-i^j a-j^sai a_jj'vi ji^-ti^L^^ uutj-oittCiLsj^jJi 

JSLl^JI Lbja^v^ ^j-SLat i_t.u^jg CjL-o^-^' '— 11 j Jj^ g- J *' ' ^ — ' t-c^UI a JL^ 
LtLs-lj 1 - La 3 a (u) J< i7.1l Cjy^S -AjJFJjt iT.lg-al^j ,u , , >it\j il^>.Ljj! 
CjL-i^-^ ^ ' tA ' ; J * — H H >* Wj-b-b p J ' l o> (I) ^2 fU -t-d I CjLJLj^JI ^ j * i aj 4_J_^SU 
iUjjLJI LjljjVI J_a ' "■ j'' JM->- J-a lilljj , „VI d_xS_LU.I 

I Jl& n mj-a 3^£a cs-^ 'iU-ojj-JI ^JSL^JI ^ulmoui 'iu^L>JI k ^jLJI ^ M . ^» 

£><«JI 44 Lu» b ujUSJI l-ui ' -< ~ ' j-Uoiojj cJ j^tuS^jJt nsboV! 

.(26 j-»->lb J^»-^ 1 jsLiii 
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Um* jaili 21 * 

<LaJlir" i .i U 5j fla-VI 43 .5 J SjJLS ^^.3 j <i" m 1,1 a I 3j W (j I i»l «lUtl JlSjjuj 
L^cLUajI i_ijjjj 3.}Lclj i «LaJfajeJU .il^Jtl CjLjjjj»-j CjIj ju i. <r ^illl 

(_aj_,_u iS^Lai! S-jii-ljJI JS'LLgJI oLSLi ui ^yfl Lk.}jj».j ^Lafj <LiL>.ljJI 

i 3 j I ■ a 1 I .il j olt (_£j jJI <tg.lji,--i 3.}Lcl (j^. 4u3 tiJ ifd^? Lx-a J-<^u 

iSjL>.I^JI SjlJLI (jjo SjUJ^. jj i^s (Jj '^ — 11 SjJl2JI (jr-"y ' 

. 4_u Lj_<i_iSLI I I j" «j ■ a JL>.^J (j-a ^CjJI t L^jl o i n J L«a 1^3» ^j_)Luj 
(_£jj-!l i_j_ujjJI S.}l c I CjLj-L2j l-o-lL^jj i I • aji j tali * 1 Ij alJLI (j-joj 

s^UL Liiljj Diamond ^Ul <jJLi Jj .^-»u 0 'jjr 11 i 

4SU uij (_g jJI £-#l!l Cjr ic '^rD-iV U^^H " (J^-'- 3 U5d>^' Cjlji 

S^U 2uLkl jJI 3 ^iJLi <_.f MUI (j-j>L3 {yz 3uJVl <_i lm\ ^Jl 3j £3-f 

LgjUjSla ^ a-U^JIj (slj^t^JI JL°jJ u uuSjJI Oj^O Kj'j 

, ^ , ^ 1 1 »| gUtl SjLJjf aLi 1 1981 aL«JI jj lji£LjjJ 4j 

(>a jS-T^g-J jl£LJblj^> ".SU Ij &a\ ^b.L IBM 55, ^ u— ' a 

Scanning j-mUI u llui\ ijjSL^SLlU * uuii 

^jJI 4t_ijS; L^SLjil Ijuk (j-ft^yj Tunneling Microscope (STM) 

SJjLc .. A:t 1(( 1 — 6» ,JS! iSJI ^ 3 *t! LilajJajeJ L« lj/j I i i ^>j-c J S 

(^jJI Scanning Probe Microscopes ^«111 jljmU c^Li^s: ^jj£Lw 

. LaJ i_u «Llc Luju>t_) jjl (^_i i_u ^jJI i4jjjj| S^SJI * i^£[ i_u^j£Lj_« p ' gaj 

(_yfl *L«JL«JI s ^jjk jt^j jL^a cjIiSLII (j a JjVl J i^aJI ^ Lj>£^ I cSj 

i-uLU (j 3 ^ i II 1-7^3^ lji^SLiJLI Ijl^j 3ji^>.jJLI sl3_lsjJI S^VI <_i j-tijj 

J! 

,J-oL>J I (<(j_jjjjj| )) yj^lc ^lllji ilaLSIiJI (jjJ (j I J "i U j! (j UT- U ^ o i n") 

^ia (jlc (_Jj^i-Vl jJj Sjo-I j I J; /'j" SjLcV 2_ukLLla iSju I j^JJ >] j 

L^al^^ u^jj^tj LjjjSLa 4^j_iiiJI jl < i". Ljl^ JS! Cual iJSLijJI jls (j-o JjLj 

.(7 - 1 J< miII) SjjjLi Lk^Ltjfj (_gjj 
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Nanostructured Sj^L. 2ujb jLL! ^ LdJjj ^4-bLaa ^ !_»»■. L^J t 3 Alist* 

(JJJJLl jJI (jiSL^JI «LlJ! Ijuk q'\ j-^sjI Ll& • jl^Ij ijj i J^^J 

J^Lut jjj^Sij ^1 (.g-ljj «I iil"-c-U jljl! ^liljj (j-o pie-iia jj-a 

j i^a ir <^c <-3j-*J i JLlI.1 J jj i u (-5 Jjt3 . JjvIj j JSLufc I /j i n -> o J-ij r" i nj 

'"'l .U'.tl j I \j A ; * «Laljlicj i^/l pjj 4JL&Jj 4_j^L^ Z '^ i aj 

j i a> j^-^J ^Ja-uJI jlj ^" . ..I ^£ jjJj j_La! jjiJ Jji i""itl ^JaS ^la ■ u f I j j '* 
(j_a 4_t_L*_a d 1 1 n \ I IA.ua ! jj 1!}La (j^J * ciri - * uuJl ^Lut 0$ Mi"t1j J£[ mi" U 

4_l»-jL>J! -"«I 'l j-^.V 1 ^.t.^'.lt ^ 43jlj_Uaj i-sjj «I! i jljJj«J! j-La ^tji 

Ijut (jJi ^<j-"' =e -^' j "** ' r i — ! b- 3 6-° < -<4>ll iSj^ cJ^i4^' c '! 

J « a II J Ijuk S L^oLal 'j »j^aJ|j '"'l 'l J"^N * S-SjLIJI I j~ "j I 2 1 j ^ I sejj liilj^j 
Ij a, I <LJ 4^j_uLtl w ^^'tl ( jj£[ t_u^£Lill jl g3. 4_La ^"1^ ■ ^ CjIjJLi 

(11 - 6 jSLiJI) 

iJlilj jJI CjI iL^j^a Lu& JLua 5j j CjI «^a-Sill p ■ "I L&^JLc [jUa-i (_^<JI 

liilj jLLa j_a^ j»jlSi!I ^ pi:jJI (^i^i . Assemblers (ol 1j>^JI 

'"'l .U."tl ^Laf dijala (Jlj La Jj__jj_laJ! ^jl JLu i I JUfc LLaaj ^Jl ^ jjLlIl 

i>JUp 3jjjLj jlj^s ^LljJ ^ 3 S ^ i ^" 1 1 CjLl12jJI liJJtll ^ w I « a 1 1 4 acLLuaJl 

(j-a CjLcLIj^iJI g-j LaS «JUfcLfuj Lta p^.jJI (jlf I jufc 2j Aj<tl 
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^bi-UI j i a * « * Ljljj «Liljil JiLc^JI SjLtLa 



(28) ' 

U l^Jl j i alg Cjljj J_a 4j$5La iu^jLj DI 51 taji 1 j .l^'ti j Cjljjj J_a <LiJj_3 

.28 |«ijJI j^jlb J^J-^ll jJLa'VI JiLill £>"JI <-jD5UI I _ui lJlIJ^ usLbl 



^JUa^tl ^l< aT J Q jl a f ^a^mUljl unt i dlifjSujjjjSuu» C)Lu.2j jJJ-Lfcj I^U-* * 

i <i II 4-ujj^>JI jf 4jjjJI (J^Li^JI (jjjSjj diLljj^>JI j?cjI jjJJ^I jJI 



(j-a I j^jj a» 1 J i4j JjjIII CjLjj^>JI CjIj jJI £-a ,J_aL»j]| (^ic SjjLill — 
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LJ^jjjJI O 

^ JJt> — j-llju}\ jl r>- (jj — p ' a ' (J' (j ^-4-1 JlII J :P*J-^ <— ' — 

^-lA^jjjl j-uW^L^JI L#jla*dj_) «LajjJaJ I 

jjic LgjLal Jiitj lm\ (j-a 1-«-* ' l'.l»' .'J UaX I J^l ;J#!I 

L^aljiitlul (j-a JuS'LlILi j_L<u V Ijuij w c I ' u*l\ ^LijVI i_£jj uli 

^Tlj V (-3 jj'I 4-2.13 jj I 2j\^».VI (jimjj 4 jjj"j>JI (J^Ll^II i ■ aj 

Cjljjii! ^j-o-so 3 j gj>.| ^LjjV j-j^aJLj (J-t jliejJU J^JtJlj J £->>-!l (j-a 

4-UjJjij £jjl lSJ-^*'-' t — 't!^^ '4-jJLc ^^^LjjI 2jJl9 CjIj CjI jjjc>JIj 

t_jj5L^jij£LLA 5jjj>-jJLI £_>jVl alk 4j <2juJlc: Robotic Arms 

(27) 

Ajuus j (_£ jJI p j i ■ ^" 1 1 j < j 4jj jJI SjjjJI 

cuil 4jjjj^>JI j! <Lj jJI J^Li^JI L^j <_iJJjJ I ^jj'jJjj diljjJI 

I Jl£J 2 *l»"t I CjLjcj^U 3_p3^jJ| 2 jljLjJLI jLlaJ ijr 3 j p -» i gaj) ^ c I *■ i a II 

<>jLg iSij (_jjJI JjijJ.1 jjJaillj JljIj\IJLI j-aJJI Ijuk J L"> ^ j i^jj^jj.1 

^JjL^ i I U 1 1 j 2JjL>JLl l_ ijJ uj\ ^Lpl £-aj i(jti a jJI I ^_-LajcTjl d j-l2j 

jLSjjjl jjAsejJ <_3j lm uLlljL><jVI (j-o Ij-uST (_l!LLfls jjLl =L2j 

i^^yjJj-^J! J I cr 1 *-^^' LSj'-^' ^>4f"tl 3j I (j-a Sjj taj a J SJljJl». £^l jj I 

jj i in'g jij-jJ I — j-ljjijJ I I jui ^ I jij-l i ,i I j L>- (j J — jj Li! I Lij>.jJjjSo j pJL»J 
jLcljjjj (j n t nl (jLa »^jt— ~ . ..ij d i ^a? Li LS^j» :(jL«jjj3 jjLJujjj 

jJj 3jj <«Li iI/VL SjjLiJLI ^3j~--- ' j»Lal I HjLc- i a i«l jj-loJI 

-^J^ ^ '^tP' ^l 0Jl-2> <iLaJ>. ^^ji (jl n 'n g 1 1 a • (( U>J 

p_u&Liaj «CuJljJI «Ljj-loJI JlC.Ijj3 i_3j iLa ^yC ^jjj>. jl ^ o lr (^i^aLij 

4_uaL>JI LaljjLLaj I IjVjLx-a I a 3jj I a J^^-JJ ipSLIl \£. jjLSLj^a 

L^loi^lj unljjJI dthj^l ^Jl UlUJj ^JlJI J j u JIj (j^JI jUyLj 

. jI j^i! 3_jj jJI JsTLlUI *Lli i_jLlJ 
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Liiaj ojlil llljjj ^L»xj t£j jJI J<j (jtl 



»>£»i jlljl ^ rtj j 1 m&JjJ <U f»lS ila i pj t ■( ] 2 - 6) J f uJI 

.(27 t*^ 1 ^J* 1 



- Marvin L. Minsky « u < m) a <>3jLo» jj l^usjj-JI jJsj 

0JJJu - (j^-llLajLoVI II JL=" *j j lu j«JL«JI »1 «ilr j>J? JLa-l 

J).;****"' (jVI , „'. V . 5 .j I U 1 1 4ijjJ,Li I i t I > .n (j-a («-C.J-JI ^Ir j i LuLa 

_jj ij^SJj . 3j^o^5 i _ ;r 3 CjLj^£LU illlj jj-a cJL5^-° (J^ «^-^ I Ijuk 

sLi-i (jjic 3j.}L3JI 4jJLij JuJI CjI JL*Jtlj 3j^j>-VI (3\j^Lo LijjJ (jl I 'jj ' <aj 

(JjLaj VI (JjJlu luJ (jj I u <i (j a i3joJ jJI 4-ull!l ^ uul jjSLJLI u^VT 

(31) . „. , 

« i u CjiJijJjla 
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3_2jjia CjLu2j 4j ^iajj (_£jL£LiVI ( _ ;r 12jJI ^1 Jj^l ,j-a (j Lc 

4_ujJ| 4jjjLj J^Lut (j-o (jjSU! j!j l! jL^->JI JS! J/ (_psjJLi (_jjj>.VI 

S jji J^^j .c^aaJ! (j a jt£SL!j ! t ' 3-^ i_. 1U"_i ^Nanostructured 

t_Lr»-l (jjs CjIjjjj ^'j- 0 LuVjLx-a jj^--> iSjjjLi!! 3j\^>.^M J^Lut I jj'a i -" 
CjIj jJ!) jj-uaJI ^ 3 jjfcLul! *Lj iVt dJJj (^ic: 4-u2l]l LcjjIjI o^J^ 

.(j^tj ojjj-i L^jLljuso Jj*C L#j i(cjL5jj^>J! 

ilala. -3>a-«-s Jj , ^^tl jIjJLI djjjLlIl J /v uij LiSlaj La I j! - (jjiljJI 

L^^JJJ — 4_)jL>J d)ljj(j_a L_uL_uI L-£j^u — «LuLla-i^JI J I J-ll (J-jJL^fc-a t j_a (j-tJj 1 se a 

^Lll jsl^i 

4jU->/' ' Ju^tiiLj S4_ijLl<uSJI L£}LcLij a^SUJI cjLJj>^!I (>• 4_ jjIUU 

La 1 Lj-mij 4_u2j£_'I j CjLLi^l aJLLi I g-«-jJ ■ aj SjLcl (jLuJaj -S-isjLUI JSTLjfc 

^jJI «(jm'iII JULI» ijjLijj Personal Errors 3ji^Vmi1I -lU^Vl ^>Lj j^iju 

.« iJa-JJI j 5J jL>J,l » i_jjL_J £-Ljl l_LSe-Lg3J 
Jl^j>-j J^- 3 (j^ L_oLc ,..tl SjJLill ( _ ;r a (jyffi ' ""' ll>^ *° ^ .'J 
4 ir^La. 4jjl_La_i£ 3 2j^Ja jLCbl u 3 p & j a. Cjj <ul (j jjJI «JL«J! 

^L_jj^/ 4_jjjLlI! cjL_j£j_1,! cilji (_^cLojj a Sj^La ij^- ^j-2j »3 jJ t* j 

^-. t -a^ r Jl ^ t_ul_i dJ3j-£. i4_ja_iLlll ^J^Lt^JU w ' "^J ^ ^LljJl tl)5^>3 Cl l -^3"^ 

j^ia ^jLai ^ Sj^>jl! <oUK!i ojSi j^j .Self-Assembly^, jIjJI 

i^l_La_iSl!! u i uj^AlI (<sJL«J! LgJLa j^oJI 'jj" ' ug-UI 3-L->-j-a ^ LJLU jl 
BJjU. (^ic ,_LuaL>J! Jean-Marie Lehn «ji I ^jLa (jU.» jj ui^j^l 

«ilaj tuj CjI n K ( _ ;r 3 - Ll^iSU I I a i 0^>- ' 1987 j»L«J! - Llo-iSLI I J Jaj 

i ^Lbj ij-L^L^U L-3l mi'C" i nlj i ijr Ltf3LaJLl » ilj^tj t_ul» : L^jLi ' ^ o c j 

t (J/t^ L t -g- tSU 1 ^_a_A Cjji^tjjj ^_^JI ^jj-A Cj \ a K H ^JlA duL^ LajjJ idjJ-L^H i_al,l 

(jl Jm_i 1 ■ -^j ■ ^ ^ / p ^ j * 1 ^ 3 4_ujjj>»j 4_ijli (J^LlA * i gaJ 4_a^_a O SJlj 
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Um* jaili 21 * 

i l j -ai^-aj £^L) (j-u^Lll! 4 il 1 L$ ■ a * «La^JLl jL>ol 4jr ^ ^Ljj-Loi! »1 al*" jj_a 

iiij cjLljj^>JI jf dilj jJI <tcj-«j»-a L^J^Li. Qa£j cjLlLwlII llIJj L^jLi 

SJaLLaJI (j-a 4 K g a diLj" i n a (J-9Li J^-JJ ijtj "J Sj ■ u 8 (jalSj (jl Lub ( _ ;r * <-uj 

L^jlsI J-a J l (j* t^al J-a ila-ua j ■ ^JJ^"' ' 4jt_ulaJI 3j-u£LII CjLjj^>JI £j c 

J' 

^Ijta.Vl Sj^CjLSuj^JI tiJJlI ajj^j mi 2Jlal i La ja£. Colloids CjLjjJiJI j jj^JiJI j 
. IjJ 2_3jjjlU 4jjj_>^>JI L^KLiA u 'i u \ I j ■ a a '^i ■> ' (jlll 

J! 

o j^jj La Liilij I — a lij «LjjjLj J^Lu» ^^k: Jjj^uJI I — ijjjJLaj o' 
i^jLojjj * miLj ^* i ^a I j i ^* i ^ .a j e T u ^jLa CjLljj->Jl dliUl Sj-LajiJIj 

4«Lul j mi »11 p-CjJl (^^k-J « ' * la-Cj-a 4^L ; ui_jlij 4_uLj-iB ^p^u^ 

i_ iItj MjjJI CjLljj_>JI i_jjj_>jj pjlajj (jju Lstll I Lij^* - ' w a j' 
IjLA (J^iJu ijjI jj^- 4 - 1 J-^* 'p'^* 1 L^t^ajLJ CjLljj_>Jl dlij ^_a^>o Li 



f32) 

4j1«^: JUS' SJjj uill 1 ; S^^l J^IjjJI (j^ JJLC: dJLLAj .mJ>s-I jIjjs 

. L^J-al ^i-J 5-aJLir" mi U CjLuj_>JI AjulAs — 
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. Intermolecular Interactions oLuj^JI jru ,_k.L£]l - 

. Reversibility SuIjlJL. <uk. 
. Molecular Mobility 3^>>JI ^Ac oLijj^JI Sjjls - 

- JZ^jJl) - J jabali 2UaJj2a • 

^Cb da.-v - j__LL^tiJI J}U* JjI j uA\ fjJ*i uij w "tl - Wet Chemistry 

4_J3_Ja_*JI jlj II Colloids CjLjJ!jX. j * 4jijLLi jilul ^ 3 1 ^LJajj 

Ju i_ul^I j^-^^l er^-i t-ilj-l! 4 3jj <>>*tl ^_t£ jljJtl lLI I j£j 

s 

(33) - 4 < 

tjr 3 *lj-SJJ (j^-CJ il_A 4jT l^. d<l>ol ^ lll Cj I jj U" 1 1 j Lgjl tfujj 4JLjJaJI 

1 3JLjJaJ| J14I 4j ljLjVI ^ujiLUI I 1 gj j^l jjj i ' £->.ljJU Cj\ fra] (j-a 

f'.jkJI <j-a £>itl 'j-* «UU <L-Lajc iSJI CjLuSLLI U (j i o jliej U1S <^jJIj 

j! «(J^>> — Jfj i aJI» 4 j 1 n c i ' t _^L>JI >JI I JJt> <L)Lj£ jJlC O-Jj J 3 J 

^LHjl CjI j La3» ^ flllic U (JjvljJJ i d i a jj Ju£,L) O a^ ^^y^t-uJaip ^-lmju ^ *" i ul 
<LJj^/l .iljll CjLj-c». Jj-o-Lu^ <Lil jl ^ ii2jpaJI jui fjLJJJ . «LipLill jljll J^LlA 

<(«f»l3 - 6 J< m. II) Precursors lJlIIj^I 'jj 1 '- Jllaj^lj .jj.^-'.ti 3il u. 

cj>LcliiLI a^Ejij . jl j^il Alkoxides 4Jjie£LII j^l^Vl ^ jjS^J U LJli. 

jf Sol (Jj LtaJI» ^ ljLi i_ Sjjlj La LlJ^y i(Jjl>J.I i—iJI j tuJI 4jI 4ja.l L<aXI 

j? 

4_ajjtlll «L^jLfl 4jjjU CjLlj_l>J i. 1 1 iil j£j 4j (^iiu ^j1_cj J-^J **<(jj-jI j3>^I (JjkJ,! 

ijj^v miII I Jl^j^_j_c I /1 A^j^j^/tl 1j JlC j.(«(_l)) 13 — 6) miH ^^j^^-uaj-a La^ 
lLUj mJj-i (j! J-^l jJI I a 1 ^La iCjLjjJiJI lLIJj Aju] (jjijjlia 5jjjU ^l Ij-IajJ 
3 La ■ aljj (j^a&AJI JlVLi (j-a VI ijjULi La cL!j Jij (j I jl jL*j^l Sjjpllll (JJIjjlII 

.4^jLlljj_u£iJI ^L^^j^pSJVIcjLjSL^j^^iJI^iS^^^ 
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9£J1$ gt^ St 




«uJj «Li jiU «u,k* 



(J) 

5 J^J 



(■>) 



| jVI «Jjj^I» jiljLiel^l 

(j^ojJiil Lai j I g£l i ■ u! ^&sdt}\ Lali iCjLajja Sjj ^Ss l^Jeia u f 

Jjljj .(«J» 13-6 J< ilill) L&i ~U,„Vl .-.jUA <(l».t(jjs j^jJ! ^Ijiiej ujVIj 

i4jjj|jjSLIVI jjIj_JuJI ^LHjl «Lajiitj tali (Jj-L 2 -^ Ja cujf ^y> 4JLj_LaJI j)Jui 

LpjLuJ CjI JjlU U , 1 4-Ja »" ljr 3 Liiaj i -^j LU I (Jj uaJI Jiir" i ujj . A ii K" L^lsfj 

ilJI) iajjLill «LajLa 4j^jLiII Cil ni -»JI (3rP*^ ^-""^ " Jj ^ " 1 J* 

.2Li£ii! cVVIj ^LLjSUJJ cjU^ L^l 
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(jj^ill »13 — 6 (JS! dJI ) 4-La *U,I SJIjlj i Jl*j «(Jjj^aJI » I J^JJ 

S (37) 

i^jLa^Lii Jj , ^->U \juj u, LLii^tj i j jJI i Gel ^ 

LgJ-CIj VK ."J L^jLjla^j (JS! iIlj SjjjU cjL*j l^>. (jc SjL^. 

A^LuaVLij .(« j» 13 — 6 i"itl) *^Lc jj-Li J-J-<UJJ 4^ tuLu-a j-J^. J 3^>-J 

(j-a 4 V o (Jl^ ui f J J ' fl> ' l*U J j ■ a II jajiiej uiJ i^JlSj La ^1 

.l_yjUVlj (ji^tllj n-aUVl Jla ,4^1-111 
^ unJI CjI i_aJ1 (J^L>. Ij-;^^ Ij^Laj i^J^ — ^Jj ' ^Jl 4_SjjJa < - >jj Laj Jl9j 

. 4jjjLl!I jll (j-a 4 n I" V a ^| jjf^ljjl (^ Lgjl j Laj. L^LlJ^a — 

.}! CjLa_j_o* (j_a 4 a V 4-^,1 f CjLui_C ^Lljl I j"j — 

' 4_JLc SjLoJj £j_a_u t4_j_i_J1j c— t-j^j-ill 4_*_u_iLst_La 4j^jI_lI1 

.% 99.99 ^| 

.,_psLaitjV! 4jLc. SjIjjs- CjL>.jJ J_t£. i 4j_(I j_lL I jljllj 

Precursors iJJIjjJI) jh^tOJI 42jI ^ 4_Jji jlj^ < Jnkjj - 

j? 



JLscaj (jGa-LJIj (j^iju uiX\ jJIaj Sjjjj^i jla idi lu 4jjj (JjjjJj • L$J jUa-u (_yl!l 

jjSLj jfj i3j^>-VI LiLt (Jjj lujj j»l JLiej u/1 (_^3 «LajLa CjIjL^aj jjLlII Lls-^JjjSLj 

jjfc t L^j?cjLij CjI se a j j i ^"jj (J_tljtjll p /; i aJ" (^y^lll 4j^jill 4_lAL>JI ^jjj 

. JUcIUjuii (^3 (jiLaUJI >LJj«JI (_y3 Laj^Ijj C;^cj (^lll SjjjLu'VI j^LluJI JL^-I 

Uia ij_lajjU lOOj 1 (j^_i^jlj_Ij(_ 3 lLll iSjjjLiII jll jl^?(jjjj ; jLia(_ ;r Ij Lc^>.jj 

jl i4jjLa-"i i .i a (_Jj-la jL5=j| (_y2 j-iLitl »1 <i lr 4J Jlj (__g jJI j_uSLII Jl^><JI (_^Jua J-^J-u (jl 
(j^_L«jj i^jja^JI (^ 4jjJijJ,I i ii-v^fl LilJj (_LaLtiII (j-a i4JLLjj (_jjJa jjjiaj 
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£>JJt> 4jJJ L_u£wC-l 4-L.Li-uJ JU i^J (J-«J « 3^_uS <L*JL) 4_)l_L*J L^-ual JJV 

<Luj^j£IYt objSLujjiUi.t 

^^^a i Lt j L aj] Sjui c^iL L«-g-a njLu/j^^J 4jj uuJ I (^juM *j ^ (jJj j->-jj 

(j^ila) j" a j H a 1 (j^. LioLtj? Jjjj *Li u/^l JljJu»<jj jrh!"*- 1 ^J u/J V 

Sjja ,_L5j (jjJI i4-Uj-ua]l CjLij^ u/J^£LlU J . <_)-«u> £j-u3JJ 4^ Jlj JjLl 

i Jufc (JlLa JjJj><j j»Lal 3jjvLc i_i2j l_iJ? L$_l3 j — JjSLlIl 

,_L3j «tjjjLill j I j Ll jLuI i>uj(j g^ftali u±i V o-p. i^L*j>.VI 2 ISI ■ v. 1 1 

200 

Electron 4-uj^jSLIVI CjIjjSLu/J^LjJJ Cjljji^^jjlajj i3-aJuiLa 1 1 j^Lla 

oJLaj) Magnification *L i V I J* L^jj^a fnk«"j ^Microscopes 

J*J (jVI 

"j jj loJI « Llu/VI j j jCi (j-a j»JJ-!l •LjJ JjaSUVI CjLij'v i hJ^£LlU (j£L<uJJ . <LjjjLl!I 
. jL#j>JI ^Jiielu/1 ^JUJtl <be-u=l j Laljuil l^U-vj iCjljjJI Jla i IjL». 
fi\_«_u/l jjiua ifibu^-u/J 3jLcLi_u-a ijijb ^1 JL^-" i nl ^Cij JL9 4j1 ^j_a ^uCjJI ^JLcj 

!_yo\ ji. 0 ^< ) jj ^ .X-ray Diffraction (XRD) 4_u uJI jjj^>JI 

,3jJaJI aJ-it (jT i4jjjJLl1Ij 4-u-p'_pjM I j" J'.' Jjjo isLjejJJ,! "LjjjLlII jljJtl 

5 3 U" U ^jjs-Vl (_>^>lj *JI JUJL=el! >Lau? >LukLj 4jLkj-a j jii: ^JLiISuJ! 

i ! jJ . SjLoJJ ^jjjJLlJI 4^ i (Ji-I J CjIj jJI JJJJJ «LuLiSj jLjljVI (j iujI <L»J 

^yfl «jjjjl jj ji)Jj |_$jJI JjVl , ii II ^jjt, 4jjjjuSL!VI oLijS^ u/jjuLdl jl»j 

^-J-*J ^j laj u/j V 4jjj ^j-* j-Ilj /jjLlII Ljj>.jJj_t£[j jJ-aLt-a jJ_4-«-a 

. L^J 4 j i "j'j jj =La^a (_^lji. 

jjja 2al U 1 1 ^ !Lc LcL« ii 3 jUjjuSLJVI cjLjS! u/jj£LlI.I ^jiiej u/jj 

fji jX\ »ji^ll (jja Vjij Beam of High-Energy Electrons c±\ \jj£S^\ 

[jjS L^JjJijj p J la «J ijjl^J dJJjj i4_ujjiill CjLijS u/Jj£LlU jijtiej' uJ,l 

.(JjijjLSJJj j»Laj>.^/l «LujCLa f. 
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Scanning Electron CJ _jj j p£L!VI ^ i_uUI i_jj£ ^^SLdl ^ 

^ Microscope (SEM) 
- Morphology 3 j-v^I^jj-a - L$K i ia^j ^Ul 3 LiSjJI j! 

jntj J^U. • jU^-H <^4^ V" i."U i4ia.Jj i^Jticj jLgjJI 

^ SJi-l jJ! jj^jLulII (jjs i^jj^LiIl I jut <jSUb .ol aL^yi 

. Sji-u*. 4^Jj , I j* . . .. 'j *Lij-«-J! i_ij£jj 

iCjLjjS i-uC|j£LlU dilj £^>il Jo-V 3jj 1^5 (14-6) J£ iSJI (jlajJtJJ 

(15-6) J£ jJI jrlJJ Ulu .ij i^-u jJI 4j!j^>-V U j i =UU I Je-i^a 

jUoJ l_3Jl$j i**i~w1 ^jy^-Jl t_£lJJ_U Cj1_Li£. ^J^**^ 4_o*^J^j3j^_a 3jj 

aJ-tb Jjuj ' 'l 1 mil <LaJa3tJ O UuLs *CLui i _- r l' : - 5jJ ' "* H (jr^ S^^jkUaJI 1 1 gjj u 

Transmission Electron ^jj^SLlVI jlsLlJI i-j^S ^j^iLdl ^ jJ*~ , „j 

* uAX\ i_jj£ ^jj^Jil jt i iiU i (^^.a <u* i iMicroscope (TEM) 

dSjJI (jj^J .CjLujlII jLlo-Ij ojc " I CjLjj)_p£L!VI (j- 0 UI t lu 1(jj jjijjSLI^I 

' cjLLljlII ^-l 3 i-u I d i ^j_uLI1 * i_uj^£will (2^a ^3-^-1 ^*lxJt 

43j JuLi JlS Lll 1 » ) ^ i_u^£-lI I ^_laILi i 4_LJtla i_uJ 1 4_l>. ^j^l 1 l gj-£> 1 

(j-a j»jL2JI j^^pSLIVI ^1 1 1I1 1 1 jl 1 ■■ a jjIs^j j^ylll i4_Ll»JI (_yU 

(J'C i"ill *t-Lui-JI A^?"-^' 4_u ji^pSLJ^/ ! 4j> iiVI JiJ-IjJ 

( _ ;r a (j^-J-a U^ il_Laa! Lgjjjj^s I ta S ljia i L^J^L». (j- 3 iLaUlj i(16 — 6) 

iS-LjtJI J5U. (j-a ^L*-2j c^JJ-^V' gUiJI jU jl -yMj . jj^jj.1 JSi ill 

L^-aLstU^l g-La-uulI Lx-« i d ^J a J 1^1* a-j I o 1 ^J^"*"" J-?*' 

2 lj J • ■■ ■ L^_L4 J; Lili I a 
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*CbJ->JI 4_uj(_pSLJVI CjLij'C i ujj£uX\-i sU^sLiJ! jjj'C'itl Sjjs ^jIjjjj 
ijr 5 — jILo^jLj 0.2 iJJ JI 0. 1 (j-* ^jl>-^ — ^^-ALj^- 0 t3j-a ^j^tLo ^t-i 

.(17 - 6) JSLiJI 
. ljr >.^^j^X \ I j p. '"j LtjLtjl (j^ijjL2^i (j^_L«jj Sj^jLlII b 

I i j a i4j^jl_Lll .il j tl 3 jjj JUJLso ^Ir 4 JJJL9 2 aLUsVL I j & 

<_ili^j Li^ . (_£j^ljJI I $jL*jjI 4JL-Lta^ <^_l»jj i La^Ltjl (j^ijjLlLa O ijG 

idll^L^>-VI «LajLiLa , ^ \\l . ^ II , jl j . ^ .VI jUji (JjjO iS.il «U 4-uLjj_ui]l 

S^UI c r ij^>j SJLi-ljJI j i^sLL«JI 4>jjij 4JSUj JlsLlH t-jjS! l^^SLJ.! 
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' * 'j - 2 T* ' t3d>^ ij-^ ^-^J i<LiJLc 4j9JL> Lij^vj 4 1 ui 1 JUJLsoj i4j^jLl!I 

Energy Dispersive 3-»-<i>U w A_,Utl c ."A" 1 1 £aLL ^Ijl>-_jj 

,X-ray Spectroscopy 




.(16) dfljJI (jJLc (jjjpSJVl jsLDI i-ljS^jjS^ll Ala^ijj 



^mUljl 1 inti LjLlj)Ciiij_^5Ly» 

(jjs i Lflj^J I , ^, -» 'a i4jjj|_J! djl nf 4_ul£Lal J-J^J ( J sLJI 

dJJ j j^c La ^jl Ij 1 (_gj^LJ ! I ^jj^jjj £ *tP* 3^ 3^JJ-^ ' d ' "-^ ' 

JjjL_aJ! ^j->J1 ijr 3 ' ' S LuJ^>*-i (jl UJ d 0 3 rt cHiLa^Ltja 

, d ^ j 1 1 j cLaj^jJ! Cj Laj UU dJJj (j-a jai.jJ! (^yl^- 1 .Jj^aAJI IjLA (j-a 

jl i i u U CjL^a£L*-uJ)j^Lj_a ^ i" »" i ! jj . ^u^iMSe-A _iLt_)V1 4_uLu 1j^_t-£5 

3 cijIjjVl ,j a Scanning Probe Microscopes (SPMs) ^ ^U! 

jl^Jll ol_L^ ~U,„? (j^jjL^jj Topology ^-l^J^jjLs 3 u/ljJLi 4-i^>L>JI 
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^Jj t^Loj <Jii-a-i J-IL^ <^9J-i (_}L*J^1 4_u^Li) 4_a i-a^t_a 4_o^j f a_iaJia Ijj ua 

(_^l_a->JI n 'l a i .i II i4jjIj^>JI i<Luj^SL!l (j^sl^iJI (Ji-o) 4_uLjj_Li!l (_j^sljiJI 

(2Ll>.jL>JI cjbL^VI 3jijL" io^yt 1^.11 Jlo) SLSLuKJLlj (4j caJaLUlI 

.0 

. 3j_jjieJ, I 3-jLU <LLlC ^Ja-mJ 1 

Ijuk ij& LaJ i_u Lj^i - ^LjS! l^jj£L|II I j-gj ^ uijja, 

i4j«_Laj 3jjI J£ ifu fjlc 3 ( _i T J^L>. (jjs i^LgJtl tillj <tplj jjjs - J i^iiJI 

^robe» (6-18 «j») u ■■ xX\ » L&jJLz j I Laj 

. t-Jj S i ria>Sj 1 1 (^yJ^jl^ 

*I_L»JI Ijuk lil t, j_Aa, i ^ 5 La i a Jl j u LjL&i? (^JJ j-iLpj J 

(j! JL*J i jljJ.1 ^-La ui\ (jyic. 3jia^».jJtl CjIj jJI ,_^l^i- (J"°W^ Cr^ (J 

cjLj^ i uji^SLiJLI — cjL^ lm^j^uX\ (jjo i_uJI £_$-iJI 3j^>-l Lll cj^sj 

,_JS! iij L^jLljjj». .jLljI (J^ijjULo (j— c 4JLij3.} di I ajU o — A jj^jSLIVI 

ij| j , „U I j_a jj^. 4jL»-VI (Jj^J ^3jj^L H 1 j"X . ifu (Ji-lj L^jljj i_o-Ujjj 

La L$jj3 Li JiSLj (_^jJI i 1 j-ujaL>JI J i a aJI A , ^JJ ^Lila .JaJU (j I 

(J^ (jjic jj j" (j i L^jLii (jjo islAJLs 4 j a ifrl jjjo <L^a-iLJI .jIjJtl ^ t— ■ 4JlLa-i 

jl^JLI jj-a Lij_i£. jj^. 4j^jLl1I .jl^Jtl lJij^j iS^ULI tiJ^J (_^[ai- 

tiJJj (^yic L^jIj j p Laj a Jia^>-jj < I j — I— ul CjLs-L-u-a ^LjjjL 2j i jl 5l]| 

4-^U»JI 4jjL}_uiJI j ijjLLajSLIl Cil J^ji^l 3 3-LaAjVl J£ (jVj ~U,„Vl 

^-La ujVI a Jli» jsjjs L-a£.L aJ ^jLs i^La <-uJI l _ ;r i^- Lajlj ljJjo 3jLa ^Li 

5a^>.jJ,lj Sj_La->JI d t— .". )V| liilj 3j_l^j 4jjaljJ ^^1 Lajl J lSAW 

l_A^-j_a-i 3jL)JL>.j 3jUj-3 t _^£sl^a->'J CjI a i u j^-^- 1 (jl ^-1^ ^ (j-a I JLAj tS^LaJU 

. jl^JLI «Ll^j (j^. 

JL^sJI J j i ^IjJLI ^ia uil 4 "ilj-S 4 J a fr>\ LU i ^>"~ ipj (j aj 

i^_La_(_u^M tiJJj ^J-C. L^ilj^ c_t_u^jj £jj)^aJ 4_l^_i^ LiJIj^l ^j^. c_t_L^_uJlj CLt^s-JI 

A a I »" 1 1 CjLa i-aJlj (j^^ajJL jjjuLtejJI j? ^S^LLs-VI 4js-j? (j-k <— SjjjJIj 

. 3jL>. ( _ T ic Sji ,J£Li 
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: La_& ^_*_uLL! jl 1 1 ii U cjLj£[ i_uj)j£Lua ^Jjj 1 (j-« o^i 3- 1 '-^Lj-^ 

Scanning Tunneling Microscope (STM) ^LU Lr Uui\ cjjSL^/jj£L<AI 
. Atomic Force Microscope (AFM) 4jjjJI 2>£JI cjjSLujjiLLaj 

Gerd Binning Uh ji lt^h^' ^ "'jj 1981 ^1 «Jl 

S^j^i JaU^j o^Uju ^ (jl jdJI i ^Heinrich Rohrer j-j^jj ^iijj-Luinj 

^L«JI ^ I o mLSj (jl jJlj i4jj mJJ-mJI £JJi) 5_ulSLII JBM ^1 ^ 

■iSj S^tll ^Ijli-VI Iju* <j^. Lft^J <Ls~^i«J.I i«Lj_iiJI ^ (Jj^j 1986 

«Oa^-s» ^1-iLl ^ t_uUJ jLi i_oXI Cjl_]j£[ i-uOfj&juG (j-a £j-JI I J-A ^J-2J 

Su^jJI (jL uA.\^ 3j_i^l tfjukj . I^ir^ljj. (>ujtj jIjJ.1 3jl II 3 ijr 

j_La ,j-a I («Cu ijl__^j>JI ^jj^ Jj'j'- 1 ^ ^ L^aiLI i3jI »JI 

3 i ,.a>La juc 3_Lul!I olj j ^ SjjJII 4fuiLcJI 5_^LuLSLiI.I obl^-v^U 

^Ja u/ Cjljjj 4jjLs-^/l Sjj-JI (j-u ijrij-^ L ^ [p cr^ 'W *J^V' 

.4_Ll«JI SjLa 

^_La i_u (_^ic 3jjJ*-j-U Cjljjjl (j_a 3jj (J^ «(j-u 2j_)VI ^aj ojj 

Sj-jV! I jj'a j j i n" (_ ? ill cuJtl I J~ 1 a- J J^Li- (j-« lilljj i4_Ll»JI 

1 /j ■ * JLC LlL) i 4_J j I ^l'i_4 5 d 0 i ^" , ^ 4_L4-&^ ^ J L^*" 9 ' ' * 

5j jlll j L^fl (jr^- ^^^3^ ^ ' ^- :tJ 'J * ' 4_l)JlL« CjLsI ul»j (jiaJLJ 

jJa cuJI (^ic- SjjVI j-<ui3_pe cuil 3JL>-jJI ajui J^Li-j . SjuvljJI 
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. 4_la_A&J 1 4*\ i 1 

3^L»JI Sjj^I tiJ 1j t-jl^lal jlc <bf II i l_L& 2jI iVI 

— ^bj^SU S, ' 4 jJba^jo dili 4 J3JL3 .llj o jj_ _jo 4 » * 1 a 1 I 

S^Lo — 4jbaj-o S-iLo ^e, t— ■ " (jjO l_lj_5JLl — _jG^bJI jl ^miT i" 11^ 

Tunneling w ™:tl jblll fu-ub <-3>*j 'jbp jdali 4jLa - 2LLul!| 
SjjVI S^bi (jru Cr ij^$J\ j gjJI 'U.* t jijj iCurrent 

. st_i-L»JI SjiLa gtJa 1 uj 

ijjLcJI b^. _aJ J-iSij f-bj *Li^sb*JI CjLal uili^Vlj Cj ^ JlSj Cj^I (_yJ.II 
i4_uj^SLII 2jlir^jj,l CjI j «b^jbJI jUJ.1 Cjb_x. j bli. I 1 ta ^ JLa-" 1 uj 4jLs 

Gerd Binning «j-u-b jj^j-» a13 jlS^ iljJ 4jI ajJaj _>a jl>. (_gjJI >aVl 
Sbjjkja» oMjJljG J^sju 1986 abJI Calvin Quate «cil jfT (^uUlfT» ^ 

4jjjJ! SaJLJI <_ ijS u/^SLus j<u-u! i>(_ T l^- LSlIa 1 (_gjJ!j u/^Sbi! !jl_J 

cj>bjL«iJI .<l l' o j! j_3j Z 38 -* Atomic Force Microscope (AFM) 

,UjJ ~U,„H (j^jl^i. jbii.1 «LSbu ^pJI jl_jJLI uia Sjb) ^1 4jjl£bjVI 

I jjt ■4-uj < j'CII JjbjiJI jU^aj 4-uj < j'CII 3jl i^ijII 4^jJj -lU-U ola uu i±<jieJ 

i u jJLl «L3j»b j l^a ( j^bjLa (j^SbJ «(j .i -r U » p„ ' ^aj _jj Jju ibLua^/b 

i(2L3jJI (_£ajb) (j-oJtJJ J-aX: ^ Sjbj; ^bf U-a ijj-i^aJI ^ 4jbV 1 jb>JI 
.4jajbJI jljll ^eJa • u V ' «U^s^tS Jjbj Cjbwjjt^j d ^al 1 , ^. ^ j 
i^_*_uU,l jl 1 1 n 1,1 i n^£Lj-a (j^. 4jjjJI Sj^JI cJa£L_u^£Lj_a 1 aillse 'j Ijufc 

_^t-Lo jbw (JjjIj (j^b\ L)^- 1 _^ j^l J t3_ajL^-"i < uli ^yis^X\ 3jbi ^JJJ 

* tjj^ jlj 1 "II _b\a i«Lb-aj_a fiLuIu S^bi __j_a i ■ a rt Hook ■ alU-L jfLi ^yk.) 

J^jb^JI ^rJajKJI ^Iji _jl 3 1« 18 - 6» J£ uJ! 3 ^sj^s jjk I «£j 

_^sl ji. jbji.1 jlj Ll 'LjjJiJI J-b <-u cJ^ 3 frcboJ liJj^ejJI ^£ ?Jjj sc^il 



130 



Um* jaili 21 * 

l_J jJI j-«^l i^eJa i uJI i-jlji (jji^-LI i-J^lSj i4L>-jJI tfjuk (Jiii-j . lujaala 



i4_Lt»JI ^Jq - u <-jlji (j"SL9 (JV J-^^ M-^W 0 L? 3^ JlIjj LSASi 

(jluJ^ . (liajjuk jf l^ijju-a) (^yJjjlSLIl £^lji £-u3j-a <_aljj*-il (.J-ljj L«-« 

i—slj^aj^fl Ijuk cjI 5Jjij i .i U Sjill jl (jj/LiS (jl i ^ uiAj (Js mi 1 1 

^_La_uJ1 (^ji^. I jj-a ^L» uj lLdjJj i_u Jjj^j-La f*-y '(jr^ 1 ^-^ ^Jj-^ £ulDj_a 

<jx. ^IjjJ! Ijuk 1uJ-lS i_3j^eJj Sj-a J£ ^ dili fsuJj ii_3jjtiU £-J_) ji! 0 rtl->.tl 
fiLcjujj5E_a i>;T i^. (J-uSLjljj Ja^LuJI £-L*_uJI Ijukj io^I g| t r 'o j_a 

J>U- (jja (^Ul j i2iijJI 3_JLz Photodiode SLujiMI 3__uLuJI Detectors 

^ „jj I , W, jJ^LuaLjj jj-p i4£jJI 'LJLc 4u^IjjZ. ^JJ-la «LLaj^i. (jJ^j j<sjJ i4-ujuj£ 

.(19 - 6) JSLjJl 



4_u^ub 4_utLL) CjLiJulS 




. LkjLu.i.1 j! ^11 5jUI SJLtc ~' — Ci\ji ijlcl L$£u>o «Uul 
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.Magnectic Force Microscope 3ji.nULmi i^2i\ ^jtL-ujjZ-us - 
. Laser Scanning Microscopes 

Near-Field J_^>J1 5 ^Ul 5 nj'MI oLijS; L^iLdl - 

. Scanning Optical Microscopes 

St 

L^Zl3 JlJ i^j_ul_tl jl_i_i_oil CjLi^£[ i_u^^£-La ( j r a Sj^JLlU ^->^1 &JJb j-j_<MJj 

: L^ia 

* Lui_jSL1 1 j_ijl=»o — 
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i Lgjl i i -v {j\ J Sj^jLJI jlj U (J 4-50» 

!«Ju>-lj Cj^j 4 aJajJ Ij 4jljjJI '"'l a ' a 

J^LjJ! fS JUJ1 ^jh—uit (^J <t!L9 1 a Ijuk 

Prof Kenji ^jjj— l ^ jj-^ 3j J\ 
U— Z, ,1985 f UJI ^ Suzuki 

jj"(,i-vU,I «Lu/ljjd (_gjlj nia SjIJli ^ LtsLj 

olLa .4_oL)LJI j 4 *_aLxj 4_j_iLiJI 

jila ijVI (jJI ^rl&j <L2jLc <UKJI j & 

l£1Jj Js> (jjjt fti>^II lSjL^I ct— 

Jui jj-u La j» : «ULj-u? (j I i^Ss Cj 4Ia3ell I 
g tajtJl ' «L_uj_4Jt.l1 ___1j_iJ1 



SjLjJJI c5Jj-J u' £»_>t» 

o-^ kjL i) j 0^ — ^1 ' — *^ 

<__ a 3j j^-_JI 4 -p-^Jj)^"!! 

«..^i j,a- ,„ u 
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JJ^tJ» JljLa id l£ (<sJL«J! ^ ^ji^tJ! i-ujJI (j^ 'C^SjjM i_d Jj ^ 

O-iL^j . jjLJI l = l>. jj j_iSlj oLaj-Jajj jl j a dai i r~». ^/ui « L^_iju_a i_ujj 

tlJlj La L#J 4-<^>L>JI 4 u T j 1 1 j jLj-lJ! (jSLIj iSj_u^ I S J rit (1,1 JL—aVI 

j_A '«LLl ^J/^_LaJl jlj Laj . fiLi-sajjJtjM <JLaVl lIIJj ^£j" i u a 4j? _iJuj '4 t i^»l jILa 
Lx-a t^j alttl JLpJ! CjLjIjjj j-JaL-uVLi — jjLlJI Ll>- jJj-cStj — L^>-ljILal 

— JjJlJI lillj CjLaj£L>. ( _ ;J i>.J — S-ajJjllU J J J !Ll 4-uJlI,I oL«-ajj*J,l J »■*■■ 

^JLc i jjLlII ^jI jLax«J t4-j^ ui itl £_a jjLlII j Ij i"i a ^jja 

4_i i lr CjLc! JljLi 4j>-jj-a Cj Li^> L&j J V! La t Ll>. jJj-iStj-Jlj jl jJil (_£ Jujlj^> 

i((4_L>»LtJl ^Ij-lVI» (_3-^l L-u ^j_a j^);^^-^*-^ ^ fJ/d^LiJl a gLc j -gjeJ, 4_uj*_ij 

i_L-*-j L#j-iL*j ^ jJ! 4-S-l3jl!I 4_La^jJ! J^l iSJLl gjj i^Lai (j^jjj V (j__jjJ! 

(jjJlSjlJ! J>La- j uuJI (>\j jijI cJ! ^ jU'.Vt Ijuk J^jUJI gjl i!l 

cr^ L>.jLi .-ajjla ^JJ>3 c^ijj— « JJ-^JLh^ 1 cr^ 

<5^£jL>«j (_g jJ! 4-aJaJ II 9 4j!jjJL i—aiiil j_LajJ! lillj i_jLu-u? SjUJui sUoLuj 

i^j i!! Ijut 4_JJ Jijf jL (<sj>SJI aJI (^J lpWj • 'LijjLill jlj U 

. i?L)l l_A-£lie_La 

^£>\ j^* 4jj jJI ' glu * * CjLlLs ijr i3 £_a_>»j dt-o* iS} J-aJ-a 4jjjLl!I j I j U 

( _ ;r 3 3j -iLi ScLaS jj ^ Jlitj uH (J\ Lj-La 3 JL>.!^I! 3 jLaJLI Ja^tj iSjj JlCJ ^ a D se a 

L^jLLua ijr 5 di_La!j-j i_oJ! j! ^JL ^jojLlII Cj\ u i ->J1 ^_aj>oj . Jj-LiliJ jj-a H^t 

r«J i(j!jLJj luJI I j ml JJ I gj l -»'*» iSj-uilll '"'l liajal ill I (j-a JUJjuM w l'" 

dijuslj^ tuJI jl jjs (j I J->>J iiill jJ . d j 1 1 r-ij D' O ° * ^ "J "*"-' 

(Jj-i^JI j' I j taj S i ■■ JLi^. ^ jj j • iU j i m V ijLitaJlj ^L>.jJI Jila lijajLJI 

4_t-al ^t-i LiLj_alj-u_aJI £j_aHj ' lil l<Gl J JL>. ^£ ^(^y-^o I JLAj i I fciic 

4jjJLiII jl jll Ltj£jLr>o (jjJI j->JI «llij 4j>ILaj i_j iL>- ^1 «Li^. ifljjjiil 

JjL>.| j ) ' aJ 4jj>- jj JjI 4jj_Laj i \jJt 4JI jjj/ (jl^J Si La aa Ijj i u-fl 1] 

4jL>-VI , 4-La-«-a-i «Ijjj^jJIj j-u ij»^.LaU "'j- 3 Cr^-J- 0 (J^* - ' ' ^ <j" t'- 0 

. J| j , „II | jjt 
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jj*j (jjjjo ( _ ;r 3 (Ji-Jj (_£ jJI iC Qjjjj>_1I j i^-iir (jl i 'l mi (j_a 4-«j (j-ujJ 

%19 

iCjI J*jjtjjj£j"lj iCjLLujj_JI i_ijjTjj (Ji-JU j£J2 ii_j£jSLII I JJt ^Ja ■ 

tjjjj^-JI cjIj j ' ^ jj j . Nucleic Acids 3__jjjiJI a^Vl j ajJI j 

(^-iJI 4 o \~ -kX \ j! j U CjLjjjj». (jja (jl J^La (jr^J ' Ljjj*- (j ° 0^-° O S 

l_£ jJ! *l jutll (j 3 i4_u3jjJI LjjLp. c_jLtaj»J (j o 3Jaj>J JjT ^ Lg.ajiiej' uij 

JjjjjJ! ^jj I I Cajlj I L^J l_<jSLl (jylll ^^Ijj^/lj i L^jjGjJ (jyjJI (J-Uj^-Uj l4jjl_UJ 

. jj»JIj jjx_l!!j j-jJI i LcjLjjTj-o ijjjj*j mJ jJI 
(jjJO (jr#^ 'SjLjlI CjjAjJI jj l^JI Qjjj_QI CjL-?j_a J >. jjj 

(,jj}_LtJ! Jia) lJIj ^Propane (jLjj-J! jLc. J_ ia) 4j)UJI Sjj.^tl 

Ljj-i^al ja. ^J-tJ-i ^ ^ d ^> x J^H 1 -^ J *((_> U ^J Ojj^IjJlJI <Jj-a) *1 tii^aJ Ij 

Jj^yA d j i ,tnj (J_al jc 4j^1j (jyJJ JP"J^ L ^- 3 J ' L^jLijj/ (jjLjjjj 
(j-a tiil jj i jl jJJ ^>'j j j" ^ * " £ 0 lLsLjj'j'I 3j Jl2JI (jjjjitJI 3j J I — 

iCovalent Bonding 5j^aLuIJI lLjIjjJI ^ l^jjj tSjji Jajljj J>U. 

3jU <— lij j J-Jjl £-a (jj i>^' (j- 3 5Jl>-Ij 3jj i ti njj L^J^Li. (j-a ill J 

uJI iiallieja jlj^i jl 3j — ».|j 

cjljj j-jjTj jj jj^ 3jj (j^-j 4j J/LJI 4 j <i i^l ijijJI itLajIjiJ j/ L>.jj_«j 

.Methane <CH4 jlldl jl£ vjj*. (jjj^U tj^-jjjijjsi 

4jJ1j 3j jj Jajjjj 3j JlII j njjjvf Qjjj^3j jj Qjjj£LII Sj j Jajjjj (jus- — 

4j^dLa 2Luj L#J Carbon Network jjjjiLIl jj ^ SSLui Oi^^ 'uji^' Cy 

.(«i_j» 1-7) J< .I, II Diamond-like Structure 
(j ^ i4jjj>JI OjjjjiLII <tio J lu^L-»l! «Liljll OjjjitJI ^-iljj (j-a Sjj (JSU — 

(jjjill njjjjj^LIl (j-a jjSj (jl «JJJ ijaJLi O i-ujJ 'mJjjx I jIjJ. CjIj j ^JjLi JajJjJ 

mJjjjj . («^» 1 — 7 Mitl) A n b V a jl j^ <-liljj j\a KjLila Chain 51, „I,,, 

CjLjj_a jjSj (jJI i(_)J5l jjJI 2 .i I" -^e-a jljl 3 1 1 n" UI CjIjjJI ^ ( _y2jill jJulIII Ijuk 

^^jj^ 4jjV| JlII jl jll ^-iljJ L-lLaj^aJ jjjsI JJ>» (JiCJ 4jtaL>» CjLaj-a I g i gsl jjv ^^jj^ J 

. <tgj i" a j aj-Jji? dilcUajl LgjlSjj LaJ 4jl9j ^LujI ^1 mJjjj L«-a i L^Jjjjo 
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(i— j) . jLLdl jl_ c (i) J^L4 J— « ijr>-J^La ^jjjSLU 4Ll4-&I— uljJ\ 4_La_)tjJt ^j—j^Ja J_c 



d) 



5jVI J^^l(jr) Il>u m 



j^Sj joJ 'J ' <a '* H I J #J O-f^-^'j * J i>^' c>°' J^JI tiilj jl La I j_y^J 

ijjLtJI Ll>*^Jj_(£[j »1 olr ^1 o" tfrlj ' ^* * ^j^jjSJI j3Lj i_uj (jl c-*jjJl1I 

(jjjill CjLj-LajL^j ' a < qj ' a JlJw t <Lau-u Ij 4_iibe_i «L>-1 i_u_a «U I j i «a i «a Je * ^jlj 

w "tl Carbon Fibers (jj—i^SL!! 

Composite j±a jl t_kJti <_^a jJu iii! j j i^ujiAJ! jl^JUj ol j «JLU 

iAjLULi L^jLUj c^Lsj iS^iJIj uaJI L^al^i. ^ £_*a^ Materials 
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— ^^J-H Cr 1 -** lm-a dJIjLo ^lll — Cj|jL>oVI tiJJj (^_lS_>o Jjlj^ 

i - i 1 , 1 tv: t I £_a 2-ojL5Xa jl^o Jj-ilieJ j -il^JU d-LajjjJU 

(j^. £-« cuj (jl ^jjJI LjJ>c. J «J («13 .4 jjJsLjJI 3 j CjIj^VI 

(j^J^SLIl Sjj (j! l_J CU^-lj .4j (J~IJ< t (_jjJI (jj 2JI I jui ^jj (jg. j JJU 



jjj^aJI ^jSi iSju j_>JI Lt>. jJjj£jJI lL) &] 4jJj? SjLa j<uiiL$ «U j«s 4ijLl1c.Ij 

(jjjjiJI iZjIj j l-. j" L^ik. («Oj ^1 Allotropes 2 alikil j 2 j jLLLI 

LaL-u Lj_^j La^j . (jjjjJjjil I j i(jj/U,!j io_l3Ij^>J!j ij^^ajjjs^?! jl ^jjJLJ! 

jJ! j jj ol^ 't_jLjSJ! Ijuk (j^s cJLUI J uaAJI a 

jj>JI (jjLoJI j Ijuk !J i^AW i^T j ^ jl^ J 

JK miVI lilt (jf i Luk Jj-3J! 2_^^Li.j . j! jJLI t>u ^ t; — .M ^ jJI c^l ^ , ..II j 

( _ ;r l«j I juij i4jic Jjj>-jJ,I miII 2jl<j jll AjJ.JJ 1 ^'aj iSjljJLkJ! jjJI 

, u- n ^ ^.Ijl^} a_bi_uJ.i j a^jjiii sdis: lif ^Lot JL»JLI -y^ 

. 2 2 ig.Lu.aJl 
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4^ 1( jjCui ^1 Graphite c^_^l jJtJI < ^•■-^j La 3^1 c 

Z^iu^jVlSj iiJI ^ }L^f3.5^».^Jil c^_La!jJJI Ore 

^ jJI Synthetic Graphite j_L^JLl /\ i }lxX\ c,A\ jJLJ! 
w *-.'^^ o-i3!jJ>J! j j^yj • L_LL«-«-a i_i!j£L1! j&ita (j- 3 (3^^ 

,Mo uJI ^ a <3j 3jk2La_a ^ < Si3 j di LS-lLs «LLufc w 1^ j LreJL I jl 

jljll SLiia e^i jjAij j^ia ! jJ i Horizontal Thin Layers 
Thin Sheets jJI ^Jil^tl iiLb J< uuj j . ^L*jV| 4-uLi; 

(jjjjSLll Cjljli J^_ijJj ^ Uli 4_i g frl e-uILll JtajljjJl JjjjJsa jj-C- 

4_u_u1Jlj_u 4_ujjj^ C i^l j*s uU tiJJIi 4 _ ;r ^ 4jj£!_a t^j aji ■ * L^-Lgaju 
dt-t^lj-iJl ^ylajeJj . (2— 7) (J£L*lJLi ^_tlaj_a La^ i ^ o Laj * rt 

^ILaJ-l La ^Jl tilljlj i jjLlII Ll>.jJj_(£1j £.1 aJLc ^1 a" tfrLt 

4 jl uajJLlj iStrength Sjjil! : L«-& J/ 1 " i j a (Ja"m i^->L>- (j-a 4_j 

.Electrical Conductivity 

<Lc I 'm ^ ( _ ;r 3 Cj-i^IjJiJI Jjio (j^. 4ijj(j La ^1 itaLUsVLlJ 
3JlC d-aljiitj i-ul 1 j^J («-C.J-JI Cr^-J i (_>^> LuajJ I :S? 

Crucibles 

<4j>jajjJLI Sjlj :»JI CjL>-jJ (^ji (jIj^VLi CjIjJLaJI j frus 

i^jIjJLiil jj gi^a u£ w ~tl Moulds i_, II ji!l j 

(j^l cuj 4jf j_uL i I #j i_, <^<A Molten Metals 

4_lc Lli^sJ I CjI c I La S II (jja JuJlC w ■ "j^j JS^ ifujj 

:Jla eJ>^Vl 
. 4jjLjj^SLJ! Sj^>-^l — 
.oLyUaJI - 

^j^SLIl^jiJI jl j^f^Lu^jElectrodesioj^SLIli-jLLaaVl - 
.cjIjJLUI jg.^ ^ 4^jLir",,iU Electric Arc Furnaces 
. Lubricants 
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dn-v LuiVI j^. S^La jJLal Diamond <jj l! juu 

«Ulc: OjlLs. ^yill j 1-7 JSLjSJ!) «tlSLufc Ja-lj O^JjiLI! 

.Low Coefficient of Friction tiJLCb-VI J^Lta ^Li^l - 
. High Thermal Conductivity (X>!>^ J^j 1 " ^ j' ~ 
. High Electrical Resistivity iu^^SLIl ^Jh jl - 
Low Thermal ^jl j^»JI jjuiJI J^L*^ <_>i=Lii*j| - 

. Expansion Coefficient 
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LgJjJuL) j X4Il3 3Jl)Jl>. J I L_d uuS[j (j l L_2jJL11 (j— 0 (J -41 ^ 

CjIj^j j j a» flj 4jr 3 liim (J^^J £)' ll^ uuVI 3l_L>. j_ujl3 ^ji^. 

«Ltiaj i^jlj j£ (J^L>- Sjj^la 3jJ 1 3 3^ix^. 'l £>■ jJ j-ISj 

diJiJ U-j^ ^Fullerene ^^J^UI Lp-«d$ • jij^«J^- c - 

Juu (j^J^JIjJ a 4oJLJl i eaJl (Jj 1 1 (^g * II (j jj^J^oJIj 

Ij-la-i i^Cgp) «(j m m 1 1 O^jj^LII» p i nLi i— Sjjlj (jjiUlj C^-talj-iJI 

LaL«j (JL>JI L«£ iSJjLjji i^j^>-l dil^j j cj^ij L#-i-« «j ».1 j 

(jjSj i Jl>.IjJI 4jjjjJ «LilJIl (j^j^SJI ^'j- 1 ij' Cr* 'dhUL^t^" 

7 J'v i'itl) jJlajjU 1 fj-LiS jJLj i4xi gJI iS3j^ ViJ-uJuJb 

I j' " i'Ls.J 32 (jjjil! L^JajIjj CjIj jJI LilJj ^q_a1 i nTij I» 3 — 

4jI uui! 3 — 7 J'v i~ill^ Lj LjjLj-i. 12 j LujI jlu L^>-j 20 

jl (j^j^m SjlSwI ljj - jajiill £-a 1 ij^^jl JJJUJ l-Ajjlo a ^ 3 

j_u^ i gj i ■ "j ("j" 3 — 7 (JS! iJI) Sj-j.ri i ii U ...ti 



140 




^^L^ftjj^fl^jJi j^bjjj.Buckyballs ^sLhjLj^s ji C 60lJ ij"iiiTi 1 j>j > £ii 

(j^Lc? 1985 j» UJI qjs j i <j~t , ii ( _ ;r ji3 . SjLJjjill I gjl lujjojj ^-9^J "J>l j-^ 

Prof Robert Jjj— £ ^jj-jjj jj .-u-^jj-JI >a l( jjjjLJI »Ll»-<-C!I 4 1 *k. <j-a 

SirProf. Harold Kroto jJjjU j_j ^Jl jj iF. Curi 

Rice j ajwUtj Richard E. Smalley ^ j j\ jj^^jj-JI j 

nj^jjiJI j^us (jjj JljJl». t-al ^^1 ir^jj ^ i2_<SLjj_aVl University 

Ijuk ^<i_uD JlSj 'C^o ^ i j" i ii 1 1 (j^jj^LIl ^ lm\ — LaJ i_u Lj^j L*iC — 4jlr (Jllal 

1 <i_& g-mdj «L_*_aL>JLj 1 _il*JI CjI i_uljjul L-i^A La (j- 4 lA-*- 1 ' (jj^t-JI (JH>^ 

LslS (jl jJJI / ^ Sean O'Brien <jj>jjf ojAj James Heat i. 5 -, j ^ (j^-*^- 
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J^Jj ijJbjILa JJ£. (j 1 1f (3j cu (j-a «Ui-aj Laj ii_3l ciH^^I Ijuk (Jj-Ij J^J 

(jlr L^jjji^ jli^Gj ijjLJI Lp-jJjjSi jlc.1 ^ja ^jri^p (jJI j_uSUI i a uiSUI Ijuk 

. SjuIjJI CjLiuiajJI jja d ' ^jj C UaLsI L$j ^" aj I cSjSj w n a J-^ -J I J-a 

4JLjJL>. jj-a oUII Jsa c_o ^Jl j a-U-J cCjI c_o ^_c_uj j-a^l Jjj-*-* 

(j"^- ijj^tjlj cL*_aL»_) ^"i "y ill (J £>a^ ^l>-?*' Ct"*^ ' 'J^^ «L^u-aj c3.il Ll 

i_3^Lc3 J^A\ j c 1996 ^L«J «LlajSLJI ^ Jj^j SpU. SjjLjVI ^u-uL3j 

iJjjj -5j-aJ I jjjjlSj^jJ I joJLjlII 3jjL>JI qjj ujJ^ SLflip <AjUU mJj^J-II L^iejjLj 

- LkJI cjLJjjJI ^yJUa 2u uiLla ^ju^ j^a ■«uLjJI ^ylcj .Alfred Nobel 

1 1 j'^-j I 1 <_)L*x.Vlj ^jjl2jJI (jjo 'j^A^ Lciujjla c3jjL*JJ — jj^ij q «<% 

(Jja luJ jjj j^s i_3jj>.c_i jjjJJ ( _ ? JeJjLiil jl soVI Ijuk <r> ^ 3 d jl« d!l 

. I jui LiajJ ji)^' J - ^?- 3 *i itl CjLcl^ai.Vlj di La I uu^VI 

I jujj w i jS Fullerenes jjj^j^ill j! I L* j£!xj jl i a jj^n j «j 

JjJj£ j" C II ij Jjl cIlJJJ J J |j Ml l I MjjL«J«J,l (JJ/Jll^ll CJll 4 _l Ml I 

o ml ^ 4_JLu^> ^ I ij jup cil m; j Jl ^ Richard Buckminster Fuller 

tdJj j-a U j jfc>" ^ 4jI m/)! ^ Geodesic Domes 5j . «jj^-i^JI ujLlSJI 

- L^lLc Jilal ju^ia I jj .(4 - 7 JSLiJI) J**JLI <y3 iiLkil i^jj^l c^L^I 
cBuckminster Fullerene jli,dM<i<i jjj^a» ^1 - i^jiLll cjLj^SLII m;! 

I (1A>- ij^^' '(JS^UI jl i UT* i iiVI Jjj jcjJ (« cjiVI Ijuk jl JuU 

iJaxuiJj Jjljia JJju fi-^K (Buckyball) «J^j ^jSj» j! «^jlj CjIj^» 

I jut - Ij S j^'^j (j ' " ^ i^sM j I '«(JjJ »i_ aLSuSl a ' ^ a j-* ^^jf 

Oj*jJI (JLs=-a ■ La i jjljLlIl ^ i i^aj i JlC.1 j}\ ( _ ;t jjjlII i_il j mi 1 1 j_a i_iLliSLII 

cjjuJI c^Lc jj^' I j-* jJu^s Lla JSla iCjVL»J,I ^ Jj i^yALiJI 
tfljjj^jJI j jiliii>m a_ilU j^j jLiLi «b j»La MjjJI jjjJI jla c Lblj U^j . j_£ j»! 

I n gj Td 4-u;l JuVI c_jjl_yaJ| cjlil a-j je aji £L> Ij Jj^-- ' w ' a J" i" U i(jjijlj4juaL5tj 

JLij jj3» (j^J "J J-«j>.i lili J^J-ol icjo-ij^LIl ££jLiLJI £-a i Lut j^jGij 

: u j 1 3 l^lcj/ 4jlj!jJI 4j 'j (jyji 
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Z 1 - 1 1985 j»UJI iiL^Vl (^ojIj 2lmUo 



4_uajj£Ll! jljll ,j-a 4lill dJJj (ji^. OJl£l t^p. - 1 golc alj^cll 2 

i4j3jj i ii U 4jSLuI£LlUj 4_oLuijSLI!j 4_uLjj_Lii]! (_j^>l jj*J! (j-o SJjala 4-ajUL> 

^ut! iFuel Cells jj^II Lj}U. di! jfTj Sensors ^ul u/L^i^J! ^jijiSLJ'^l 

t_JaJI c^l Ua S-ajJjiU oLLlAiIILi SJlcIj «jLa L^jLi ij^j ^^S-JI 

2jj_LaJilII jliiVI ^Ir SjJaj uJI j jSI ac ^lHjl d_aljiitj Jii£. (jjjiaJajill 

«j-a-lL&jJI» (_p=J-« J J-« i4-i£.LajLll (jlslj-a^/l J >.Ll j-U J^ta^l 4 «j>.LL1I 

«jj>4f>- >!» («-uLi l^^jII i«2_iSj^JI i— jl VI J^LkJ» (_K>>aj Alzheimer 
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j;>»»t 2Lu!jj 4£><i ^ c^Si^l (^jJI j^»JI ^ I jla iLou Gehrig's (ALS) 

^Jl%j uij (jLj L^Liicla dijala? U7- 1 -'' "—^ ->>S-'I <-iUjJ La^-a LSjj taj .4 3j)jj(-a 

^1 tJjU^J! j— jIjj c^iasj-i liua. .Sjj^ Antioxidants Sj u£\ obi l^<£ 

jj jljJI Neutralization 3JjU^ ^ Jjj S jji j^ki <5J| diJj L^jj^J 

(>o tiiljj ijLuuVI >o-m3. Ji-lj Free Radicals jjjLSAlI iSj^JI 

tjji 2 uJl LilJj Cjljij CjIjj^j>J j^>J I (jj}^j£L!VI (j-u 4 j o <frl_t-uj 4laj|j t jj^£[j (J^L>» 

(jVj .j» i u->JI (_Li-l-3 ^J^P 1 '-'! i_fljUajJI ijj^- 4 j jl i n II «dia ilijf 4 1 (j£. oJi-i-pi-ij 

j-La uJI Jl>-jj j^^SLIl Cjljj (j-a aji 60 (j a lJJGj «Jl>.|jJI K\ Zj£ 

jjjLi I j «1 /hLmj Jajjjj (j! Laj uiJ SJl>.I_jJI (j^jj^JI Sjj ij^J '*J^-^ c J ?"J^-'^' 

SJjLjJ.1 (j^Jj^LIl Cjljjj I fllaljjjl i_3^Lie-> — JlsJ j Cj^j CjI Jjj->- jl ^Iji 

«U^jLJJI CjUj^jSLIVI (j-a p 5e ■ 'a 1 1 JJuJI jIjJLa ,_Liiejj (jl I iia — (_yS-J ">>£j L^I 

Sjj^ill dlJLuiaill (j a JljJulII dJLui Jlj I a ijjj lu La j^JJ «LaLbVljJ 

( _ ;T lII j '3jj_l>JI Lp.jJjjiLllj a IjjJI j n_JaJ I Cj^?L*-a (J_jj 4 3.j^L2J,l 

"(8 1 7) -- - . '. i 

4j9j_aj_11 4j<iltll Cj^Lfcll (j_a ^t_ua JJlC ^3 ^jj J <LuZi ' ^ ' J i"i U 
4j^jL>JI 4-jibejJI .i^pJI (j La i^J^ll Cr^*" J ^ LXI J mi<1I CjIj i 1 uli J^L-i- J 



1 ^ 70 (^Jl - Sji 60 - j^l 4-lLc ^Jt Uji iUj Sji^^il ij^JjiLll Cjljj JJl£. 
Jla uj^jUI <> ^1 jjh^J 5 j-jla dLal Ajgl (^Jl t Sjj 84 , (10) 76 

jj>.jI J .jijJ (J^(j-3 4 1 a 1 a V" 1, 1 4_-<Jjl1I CjLjjjJlII L$j LUJUaj 'Cg4J CygjCyg 

dJJj 3-&lj_ l ij tlsl jj 2jLjj (jJI o^-ij^Lll i^ljj ol Jlc.1 ^yfl 3jLj}JI dJJj i_5jiJj j! 

5-ajL2ia $l2i~\ jj£ j i«JljJu>JI CjLal m"i^VI (j-a Jij)-a (j^Lcl (j-iiJ L«-a iCjLj^SLII 
.t— (Jj-SJI J ■ 2j 1 u U ^3 5 Ju^-o-l I *Ll>. ^Jj i^" 1 1 ol JalJI jj-a 

SUyjUlI jijj^S^Jl >r^^' 

CjIj^ j? u m" i uli O^Jj^LIl 4_ji3l_Laj Sijju j^l uJI «j\->JI LLl^jjI 

liJLLil 4-lL»j1!I '"'l 4_ukLaj 1 L^ j_L«jJ ( _ ? lJI (^^Ij-JJI ^<u4i? Lluaj <" 1 u I j '(_yS-J 

l^I uu^l jj^Lcl L-t-lc iJjL^jjIj 4" ui rto (j-a (3^j ^ aijJI ila ■ "J^l JiSLj j<jJj .CjLjj£JI 

La-ta^j jjgM.1l (jjLjLJI jj ui-Aj^JI LjL>-La '1985 ^L»JI J^j^^iJI 

1991 f UJI ^ '^LLJI NEC ^ jl ISjJl* {sr *\*l\ o^.LJI 'S. Iijima 
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Laj iCjj^j (jU! S^' Carbon Nanotubes Sj^jLill Oaj^l Vrh 1 ^ ^ 

CjJl^o Ju3j tfjjji^. (J^Li- SJljJl». jjU» CiLal 

«LjibtjJI i_ljL*jjl O-u/jLaj Cjj^aLc ^^jJjVj • j^JJ-ll C?"^" """I W^J-^- 

j_ijelll f^-^J 4jLa^l ' J-lLill W^J-lj-^ J-*^ (j -0 Cr'j^' CjLJL>JI J^Li. 

(JL»-a i^Ss ( _ ? IbeJJ ^ «jjl^l jl^tcl 3Jj_Loj *L2j^3j 1 4^=jj 4j j»Lja I a (jl 

cLaJaJ i_al uu^Yl I Jui (Jila Juia 1 1 1 aji . J3)j u u a 5-aJ 5j U j-U j _jjl_JI j^ji^- 

(^jJl 0— — ' i(< J-jLlJI Lo»^J^ f^l 4jjji_1j^a! » * !j_i_> 0_s_ __tl s^j_- jj-a 

JL^—aj j^ J-^ (tt— -I 1— >ij->L_ V ^sJj ! I g_—j_J I j"j 1 a. I JJJ— J 

i^_3^L>JLI ^_i2_l2_>JI ^ ' ' ^ 3ej ^ t £_j_4_>J «_wj__a jjLJI Lo» jIj i^v" ^3 ^ 

)jj>- I £jx_j^ ' _ ■ sej 1 1 j_j_.jLa t j_a Sl^^II Lal 

SiUjjUJ! 03^J^ S UUjljj 

jLLial CjI j 4^aJ^a «Ljjli i_»-uLj| 'li^ 3 (j -3 u^VI L^>*j 

1 .4 ^t-l ijr ll l_AjUa£ t _}l ju t jj-u-uL^-a JlIu c^p* tj i_t-aJ1 ijr 3 <1 j_Al_u_a 

(j-a 4j^jjV I jilajiiicj I 1 ■ uj (!) ( _ ;r 3 (5 — 7) JSi ilJ! .j ILajjLj 

4lo O^-tl Lg-iia*J Q^jj£LI! Cilji Jajlj^j I j j'» (_yjJlj ii_i-uLjVI dJ !j 

L^_Lu £_aj?o 4_ui_a1 i-ujJ1 JajIjijJI j"-^' 1 i>J_A tjr 3 4_ajLLaj_a 4i_La 1 ^J)J-I^ 

•(jr^J CjIj^j (jjil t.!j iC^lsIjJlI! JLa njjji.^/! (j^jj£LII jlj a 

^LaL>. LijjcjJ jj 1 nj'^jj-AI Sjjj^s (m) Cr 3 (5 — 7) (JS ilJ! 

(jy^-Il lWJ^^ <j^o_u^/ 4_Lfl_LOj>J1 t j_a_u l_d_a-LI LSjUa-a ^yj jj L>.ji^_a-i J'» 

Cjljj tiajljjj i_ aj^ jJj^JI Cjlj_ajjll Jl>.| J!>L>- ' £ Lj^- o^LH 1 ^ ^ ' 

.iLujjLJI Q^jj£LJ| (jj^J SjCLajs 4_JjJa Jjj/^Ijj/ (j_*i>^' 
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1.4 nm 




w -^>' 1 ulIII 1 ''j" ^T t- ' cj 0>^>SLI' Cjljj Liaji miTI tjru_i^ .j^Lo^jlj 1.4 
1991 j»UJI ljrt,7,"SI ^Ul u*>>£!l ^i*} 3 ^ .A' i>» 

O-TO ^ gjj * * <\\ jjtj a ^ ■ taje a J ^ g * Ha a 4^ t— cj i_uj ■ k> Sft ^j_u jj 

NEC 2i^>ij ti^-LJ! jjij .! jJ .^jijOSJVI SJ^-Vlj i_< lJ^jJI 4^,1;.^ 
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£fl i ii ->o j La^j^laj <J^>- 4_Qrt_JI fiOla iIojI i ajS cii_L>. '(J^ (j?^- 1 -^ ^ '-"'j-^ 

^j^ijIj «L*_aL*_) (^j-isk-iM (J_a-«-JI (Ji Juua lLU jij i Lgj 1 o t-uj I j ■ 

. I4! ^al mi"<I iL^jj-aVl 

* Lu I (^aj iCjLjj^LII dJJj (J^iitli LajLscjI 1 #-ia ^La (^lll ^'>l' l?- 10 -! o S J 

& tabie a L&Jja-j oaa-a ij^^—ij^pSLlVI Jl^LI! I i_ tuj^£LiJ,l Cj->u L#J ^ . ^-»a 

JlII I j» Lal S " jl Laaf Jjijj V (JS! ilJI jJa uil 4jjjU <JjLa-i "t»- £-a 

lLUj ' " lj '« 1 Ju3j !<tc,j_ia t_4-uUf L#jl£j ^-"3^ "'JO^'t!-'''' *~^JJ^ ' A^jj^j 1-4 

(jsJjJiLll <JjIj j (j -3 *- CjLla (j a 4A1JJ.I ajjjjill L^KLui 4-ujj ^-iLa-J i-ujJI 

1 La-LJejI tfLpjl '^-ilj HajjLill CjLla Sj c ^\ L#JI ^Lal J Hal j i4 LajjjJJ 

^ 1 -^a Cjlju Ll& jj-aj 'C^ -1 Lh 4 ^-aLal La ^yzsz£ <Cjs_)J 4j -^aj" i_tjLa 

i«Qjt_*-£> jj-a Cjlj_aj Cjlj_a JJiLlIl Juu VI La-i^tj] ~ i I ^jJI i(_aLiuIi£VI 
4-ajLa-"i 1 n U j j ' ia a»J II «LSjj-Ls t j_ t LO_L) ^jj>.^l CjLLljlII olj j J 1 JeJ ' ^La Cj_l>. 
4la Cik> t?-^' ^J^ 1 *-^' 4j*j^5J £ Ju&Lii La ^J-us CjjjjI i_£j-ll i^jVI <t-i-L*JI 

.jjLlII Ll>» jJj i^" ^ j^JLc. (JL*_a ^a t jjj uJ II ijj-^JI si a lf j ut I 
(jj-iLao 5Jj|j i uli ( _ ;r 4> 1 * i ^ 5 'a \l , ^ 1 1 Jji :CjVJLuj £^-Iaf (j f Ll4> Jjfj 

^12-LuLlldJuil jJiS I^LaS3jj,,iUj^ ( ^ r aijLll jUuVI Ijbi 
dil nj i ii-v L&LjI Ijjjjl^i—ijjLi^/I ' iiij Ic <j J^j"" , ' ' ' " tj^ J ''J T-'! J J'" J ^ 

O^^^L^fj^Sjuj^li-jjjlj^/ltf juic^KL<u^iai(j;jjj ( ^jS4j ; L«JI L^o33ij<Uj^c. 

. ^<^-ALl1iI ^"i i u"jaJ 1 j'<t,l ij7-_'!J_' a CxSj * 1 ^l 1^ J^C ■ a 

(jjiJ ii_!jj«JI j^rCL>.LJI (j-a (jj^Lajj t_iL liJI ^Luf ^l Lui ja^LSLIlj '(j- 5 ! 

p Ia ♦ 1 1 3 'a \l , I ,_Lua (j a La 3j_aUi Oo-LlII i_a mi'i^j LaiLu jLlII (j-a 

jL^tSj^—iJI c^Lal ,V^ VI 

jui, LJ >al>u j f il 'db J>^2II J-fii >a^' (j^-I - 'j * 2JI JlII £il a-Lll 

^ "->a jjSjj LcjjJ j . I laLililj 1 ~ t?» \l « ijij (jf J «4 a jL^II» 

OjvLJI Ji" i ii j i_ aj^ jjJsjj (_ylll 3j4^>JI 4Jila^/l Q^jjJiLII t_i-uLjf i_al ju^l 

. 5 'a \\ , I d j i. ij i n j^j-fs t- 1 1 u"^ 1,1 4 nlr ,_)^ jJejjij i iu^j La 
i ^ j 5 La * " 4 j n Ltil ja^jl^jjjj O-iL? jJia i t j 1 1 «L2j^a j Lajjejl (Jjia I a l"i a LaLa-iJ 
(j, aUtl aa ■ ujJI (Jjl>- La j-4>J i4j ljLuVI ^JL«J I (jl£jfj Juj ijiJ 

.j^uiJI (j-aitll jUuVI I ji^J LajL^ajj ,£jLiil! diJj (^Jl I u -i U ^ jJLtJI 
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s J' 

^pJI 0 *j t Arc Discharger 0 ...j^tl ^__j^iiJI a SjjJa - 

. Chemical Vapor Deposition (CVD) 4_uL_<w£]l SjitjVl i^u-^p ^j^L - 
. Laser Ablation jJ^UI 2u_j/! 3U,,.lj * ^bjj^l - 

(Jjus ^Hl 1 (Jj>. t (j-o l_Ua_o 1 Jl^j>. 4 3j IL3 J_Lo LaJLtJ 1 j L-J ' (J ^ u J 



c_^uLilj Single-walled Nanotubes (SWNT) (jlj-^^ 1 

.Multi-walled Nanotubes (MWNT) ob-^ 1 ~^J^ 

4jjU-I OWJ^ Lk-ikie3 L-uj (?) (5 - 7) J< A II 

iJSLAIl dlli IjLjt». LlUIj I jlj .i—ijjLjVI Sj^ ui j^£V1 £>^' oA9 'ub^ 1 ?^' 

gjl fl ' a L#jl (ji^. l^lgieJ "tj-ij-aJi i_-i-uLjVI liJJj (j? i" < u i i_3j-u/ 

.Buckytube v-uUI ^1 <ULp.t L^k. Jllaj diljJj lC7 £j cjIj^^ 3j£ 

Jj^jj C^p- i4jLiiI 3j (_»jjLiVI e Jua j Li3j (Jjk clrV ^ uiil I (jj li^p- J 

jjij One -dimensional Structure • U _$ ju^j "^h 1 ^^" 6— c - 

4j^jLlii c^uLjVi (j^s ^si^ b^j^"*"" 1 1 "'j (« i» 6 — 7) J'C i'iii ^.usjj 

O lj J^JI 4jjLvi v.u'j' 6-° 
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jUsa^VI 3 i-tt"^ "j 'Ijl 3jL£ 3jL^. L^jl Ja^^lj .^j-aLai Jaja • * 



(D 



ij<uj£LII ^jLill (J» I i ."n (jl ^^JilalU, I (j-o iSjjjLlJ! (j^jj£LII i_i-uLj^/ sLoj^lIl 
«(j Ljt>J!» CjIjLai 4-uiLo (j C idlJj ^jjs Jj >JI d *-aj 



(13) ' ' 
L&> (Tensile Strength « 4^ jLla j l S^a» ^ ^La (jl^ 

4-4-l3 i gjuua 100 (_JjL-uJ Ljjf J^-JJ '4jj JlII SjJill ' , 'J*' ' "JJ^J 9 4Jaj ul j-i 4-uj.iLill 
iLgjljjl 3 flj. (j-a fU^J-ll (jlr L*ilij ) J ja W '"'l (—tluaJI ^1 ^jf w i «LajlJLa 

' 'l LtaJI 4^1ii^ **-*T^ g (JJljLul ^\ L^lalj^ (_5-lJlJJ ^f*- 
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{jj-Zl* juAJG fj\ (14) NASA k,Li aJl^j 

\j£j-a 20 (jj^luj lj j i" a kk 50 >-£l>J "I i^sjtiis cj-^^ J-^^J-^ 

"tyjktl (j_jj^£Lll i_4-uLj? j»ljLjtj uu\ 4-ulSLat (_JJLa «I "^J-^ <— ^J^J i kbsj 

Sj-ik iSpace Elevators 4-ukas j^Lal i^a Cables oM-ik j_Lua 

k\3j dllij i ( _ ;T a.jksJI «kajill CjLk*-aj 4 j i'r-ij^/l CjLk>J,l (ji-J ikjjJI w lc 
(j-a 3j_p-Vl 4k.jJU ^jj-2j w j" iIj .{7 — 7) J'C miILi ^-UajJJ (jlj Vitl j<u-ujJJ 

(j^jj£LII C-tjjUl (j-a Cj^Llk i i -»~ 3_^3 (jl (j,^ 4j i^jUll ^l ^ ^ ill 

jJjJ (_jjJI h_3Jl^JI dik J)-^"" ' 'JdT"^ jlj i" ' "i <Akjj-ii i4j£L«-aj *L«jk 

3j-U (j I ij<u1i^j^2j k»_u3j! JLSj .j^jl Cjljkk 10 J^e-i «kSjjll 4" n K" 
ikk 15 (kc JUp V? J^JJJ iSaAlI Jju-ai! tiili jijjilil 3-ijlkll 4-tiaJJI 

0 iiri; I OJ^-f JuS 3JLku 2 uiljj kUju eloki k£ ialc 300 <j-a VjLi tiilij 

jl UaVI 4jjjU i<kj_jjjiLII i_*-uLWI i_al uu£\ Jjjs (2>SLI ii_3Jl$]| 

j_a i^jjUVI juk Hardness Sj^ka 3-ka jIjl2^ (jjkuj <j-a fk>!l (kcj 
2jj_a SjjjLJI (j^j^L!! (jLa — (jkuj^kU «tajijjL^ Sjk jika? — ^ (j-"^' 
^Ir V i."i '^j-^ La I jl j i II j mi" II juls SJjjk iajLLa i_jjuj cti-p. lElastic 
^kc kllj a^^iia Gending Stresses s ka^?lj ^Jill luIjL^.1 < £ 
iajLla 3-ka Jjijj ^jjjiJ.1 Elastic Materials 3__> jil jlkl cuka g. 
Elasticity ijjkl kllj cijJsj jkaj.i-ak.iM 2 , ^Lbk>U cokall 

k\l£ ii Sjkj u/l (kc 42jLs SjJiS nj^j^LIl lojjUI Ljj ^<s ijijj ( -? oJI i4jJLtJI 

(^-5 1 lJJ^J L)' ijj- 5 i^Hij ' ku^ >^J^ ^l-^k^-l (Jljj (_j<j.'l , ill 
.«Lilkll «Ojjjou <_ajjjt!l tklkll 4jtka L^jL^J " 1 ' ^" tfjjlij j? 

LojjLiI krj ^Lul j^lll SjU^ill 3_SLul£LiII (j^al jJ«JI dllj j^ll 3 akaVLjj 

4^Ljj-jjlII j^^-ssl j >JI jj-* ^t_Li3 ^Jju ^LoIiJ kgaj? ^ i4_jjjjLJI ^jj 

i4jjjjjSDI 4jkojII l-cjjLiVI dilj SjJi^ ^rJLjJ .«JU^iill ^kajSLIl j 

«L«j3 (j^. I j" ij a ( _ ;r 3 i tic L axi O-p- i krj jJlajJ (_joII '^^ij-kH O^ 5 ' J-**ll jftikt 

/i T\ 

Sjjjgttl j-k. IoJJjJi^ iL*ili • . ^ ' 1000 J^tli (j^Lajll j l£ 

^1 uijj ^jJI tThermal Conductivity j^l j^JI Jj^ajill SjU 

sLUajUI jkj 4jk (^jk k (_yk i— al t Ca\ uig J^e-ij JJ>oI «daja 
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^ j^<*j <J(JJJ j^yJ-^ '>J-2 ' (n J o i^"> :(7-7) (JSLuJI 
^3 'iU^3-^' «U^jLJl '— ij- 4 ^ c J *" ^ A (JSLuJI ^_ub^_jj) . «uJ LubjJ I 
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Energy Storage^tl^l 4 >jji»oo 

.Fuel Cells jj^J! L}Li. JlcLl^s - 
.Solar Storage SLu^-jJI 4^LkJ! <jj>i=3 - 

Hydrogen Storage j* a-j^ju^ll (j—jjie^ j! 2 cli^ - 

. Containers 
.Lithium Batteries ^^AAJ! oLjjLUj 4^.11^ - 
Elec troc hemic al 3 » i m 1 1 La SLu Lu^ j>$SU I o L£SU I 2lc ll^a - 

. Supercapacitors 

Electronics GLujp^y' o 

.Field Emitting Devices ^IS-JI iiU^VI 5>^>.i - 
.Transistors oljji^jjl j^JI - 
.Nanoprobes and Sensors tuL^Lo^Jlj Su^iLUI tuL^ti! - 
.Chemical Sensors 3-uLuijSLII ^L-uL^sJI - 
.Flat Panel Display Screens 3->U,„tl j^, oLiLi - 
Microelectro 4jpAjj£JLl 3 ^jMSLJLl j a_uLj^SLII ptx;t| 2j_$^J - 

. Mechanical Systems (MEMS) 

: I j uj (j-a Cj^?L*-a 3ji£. 3j^jLJI jj^j^£LII i_i-uLjI i_£tlijjj Ijui 

.Composite Reinforcements 2L£! Sj^Sj - 
.Water Filters t>LX\ 

o ULI 4-lL>^ cIjLW: 4-ajjr"i,,iU Membranes fiitVl 4^LLua - 

.Water Desalinations 
.Waste Recycling oLAlitil jjjjG - 
.Drug Delivery (^L^^l 
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8 



^fl jjjl ...tl J , ^. Ali a A", ,^,1 



I jj^, tiiljj (S JrP-^' ~<&y£A\ JMi- 
^pj! ^j^aUI 3 x>.^JjXlII 4-La-A^I (j II 

(jjljjs. 4SLb.^-i La 1 1- Ijut Jjt '<jSL!j 

^oJLtj LaSLa i^jl UI jj^. j_iiaJLi 

Lg-maj SjUill ii uili^l (j^JI SjLjj_aJI 

j^J^. 5 wjl.l i4 aji 1^1 1,1 

^LcljU^I J— jljlj O Ilj La j .3 aJ_2iU LJ ^J^\ jjj 4_L^ oj_cl^ 

f . 1 1 5ju i-3 5 1 o If mm^I t-Jl 

Oulj JL3j .d J-ajJ £ 1-J "j j 1 «JjJL>J1 _ ' 

ciJLU! t-jLJ! t_jLlcl (jJI L«-a J2ll) (jl Jj^ >— of^ti 
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I j"l A . i5jU^A!1 4jj_iLlI1 jl jJJ ^j- 4 Lebati t iLiSLJI £yz J ' a ^ ' oLse d ' a 

. 4_l2jj_Uj 4_lJL>J! . -J o j 1 1 L^jLal Jiitl<j/!j Sj-ujj-U 

Aj^jLJI lu Sj i SaJ I i'.lj aj«tl • 

Ll>.^J^SOj I luj LULuj! Photocatalysis w i>j| IU.^.„ 

(jit (j^JIj iNano Photocatalysts a_j_ajl_J! 3__pjaiaJI cj!j_<L>J.! p 

3j_o~^M SjjV! (-;r 3j .j j k III ^ » La S * a VLjalj ^-'jlj '** LA^ 

iMultifunctional Materials .-.l^.U-.ttj CiLaloSeS ^V! Sjjuoll jI^LI 

.3j_<j/^/I (jl-J 3Jj!jCLa CjIj-LjUljj 4-*jLS/ Cil n K i <La J-SjAJ 4j^j1_LII 

Sun Blocker 5jj>.L>J! Sj .1x11 oLiL&jj oUjj^^ ^a , uj Lu 

(jj» jji^J 3 — usLiJI ^jjjillj 4jLcjJ! CjM a^. £jLu («J Lia J — o 

Jt 

(j-a SJLijaj tLaulaj aLLaill 4jIi-ljJI ^Ja i^/Vl tlj! j lOLv^illl Jla 

Anti-bacterial Ljj-uSLlJ oIjI ^^afT J^uG ^pJI SLup.MI cn!j_<L>J.! dJ b 

Slgl^lju jl A'*tVI (j^a U^jLLL Anti-fungicidal .-.l^UAtlj 

i_3jJl!I 4i!L*JI Lj^jSLjJI (j-o lie!l!l ij^c- Sj-iLa lit^Li. 4^21 jj* ^j^Lii 

J! 



3jjl2JI L^itfLji j^Ij: i_jL>. j^JI I jla .Deodorizing a^SLIl j^!^>!! 
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5 LtaJba 4uj*.L>.j ^lj ll j»!jiiej u/l j i a I i3jLa-*-tlj ^^LAI £LLa3 (j flj 

tdlLll mU p! I d , 11 CjljuL>JJ CjLu_o* (j-* ^ dJLiBj d 3 i La * 

Sjjj^ij ^la ■ u VI dJJj JLaliaj uu- 1 Juij>J, I dJJj JiaUo dos. i L^oJLa lj_a! 
| jj 1 1 fljlr 4_u^jj^j|j JLufc Cjlu^ola jl ,jjt i_< i_ujj (jjj Jjjoj i«Laul.5 

J£ . Self-cleaning ^1 jJI • aalkUJI ~IU.^. ^| i_a La jy - ^' w ^ 

isLlILkJI Jjl J-"" VI (J£ ( _ ;r 3 £uj/Ij JSi luJ (jVI j^l jILa i L&j_lCJ CjLstlill iJJufc 

4-ul »j" ( nVI L^jjJLSj i4_ujj>JI LtlSlaJLa (j'j "'l (jr 3 U ^1 0"^-9 

CjL^tu_La La_u_oVj -5 ^ , t ^" t, I cLo^oJ^oJiS^iJ I Cj L^-**< 'f a U «L<jJt_UaJ1 d J**' ' nVI 9 
j uajJlj ^a i uli «(_La i." i -r 1 1 r> ] (_ylll J-lLuM Lj^oJ juSu 

j»ajjU.ijJI \i uiSj <jjLj i_iLu-i*. • 

i JLl*j JL££. ^1 T1O2 f^Ji-'^uJI >J4 ui^I Cr 1 ^ SjLcj ra-JLtll Siju(_a J^^H 

^Lt_t-aV1 _sl ^a_a <Lc I 'u r~> jjyS ^ JL?-"i i <i" 4_aX.LJI <u*Lo. Loi_a C^JIj Laj OjL^ «— U-o- 
3_j_LajJ| SjIiJI dJ tj J!>Li. S-lLU ajui ^IjJeu u/1 <_lLi uu! J-^-JJJ . «^UaJlj 

iTi0 2 3->U tylUJI (^-JLajSLII uuLoJI Ijuk <>a <*A>!I 0 »3* Ml j 

4«LiJt loAJLJI Jja^ «L* 1I0VI <Ju-a t^uiaJI j ^ i a rt (j-* J I ^ ' *" ^ 

4_u-oL>JI dJJj Oi3j-C JL3J . ' ta a. ^ aj j-fJ^ JS! luJ ^juLLauSLll «llal uij jl^^J 

AeiiU ^ «Flaking j iS» Jaa. jl (jrj t 3j u, 80 _J3ej juLa ^Ll«uSL!I 

^pJI / ' ^ n a mi 1 1 2 < mi V I^i'^ijulj tiiljj iTi02 (jLaju 2jlUt I J^ul jjJI 
. T1O2 3^La LjjJU i-raJ (Ji-jG (_ T i!l 3 mi a 3 J I (j'^' Cr^ 'j^*^ LusJI '- ' j < "" 

jjj^jIjJLl ' d D 3e rt {yA (J^oIo*Ll1Ij »1 a Ll!I < tuS i^y^LIl ^jj-ill ^JLLa_a J_Laj 

j? 

Jal Miill ^<u-uLi i_SjulJ (juJI SjufcLLaJI i>Juk (jl-<iuj "Ij-^ t«JI-«JI (jy^ 4 j a U II 

3 .^n-iMiU <juI uiljjJl dit gjljj i_j >4Ji! iJuua. iPhotoactivity ^j.^ll 

^1 , v, ^Vl jjic £ LjJuc Sjji^ L^J 3jLa L^jLi iTi02 cj! h j**- L^J '"■»■>• > ( _ ;r lll 

jjus cl)lj!i jJoj iJJ JI I J-Aj i 4_iJtu_aAj_J I (JJa-^ (J^ 1 '"^ 4jUu)Li mmTIj 

licLual!!)) <■ m i ,i «LaitJI l>C: .oLjjjJI dJJj jua u/ ^^ic (>ua u^Vl 

(jJI iOLijur>JI dJJj (jja 4iJJII cliljlukjJI j oUu-LaJI L^jJuj < _ y ill «4jjufcLtaJ! 
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Jt 

^ i U ra o <-uJ 3ji^L>JI ojutj .«Photobleaching Ly — S; .Ml 

i ^h^| jjlj i,_jjj>.| 4jjjLj j_uj/I^I 3ji^>.jji L^JlSU i4j^j1_LI! T1O7 cjLu-o. 

.ZnO iiljjJ! j j . .i^l Jla iL^jjuij L&jIjJLa 



3 1 ui 2 L^Usjjj jj^. i-djl i .i II Ijut Ti02 ji^^uLLuJ! ju cjL»-Lp- iilL 

. 4_pe ' ■■^* Jl J^a^ (J"" -4 (J-* - * LA*^ O?"^" 4 ^ 3 j ' ' a rt a_}La 

Cj^Li^sjJi! 0L1 il/l (j-a jljll f j i a 1 I (j^ol i -*»" a I 4jSLul£LLa j^jGj L_ll£> 

<-, <>> j^. La I jl ^Ij^^iLa jjJIjtj^jIjMitlJlatd-L^JI Semiconductors 
tiUj i^jljjj Valance Band (^.jLiJI J^lSoJI Jjli^i^ 5u^l^JI L^3L> j^pSLJI 
Photon oLijjjiJI 3JaLU u n , ,ri iS-uaoJa - (jjj-^a j.ii^a ^1 i jl_ail 
^ jl uj^\j *LaJI « Laji j^jdj L^jjliil J ~~ energy 

djljj J-JJJJ .laLtaJI dJJj L$jl "t^uj^ dilij iSjjJI (j-a jLtaJLll I j A 

I j", , , „Ci jjia , I j ,„A'i sLSLu LCjA I 1T1O2 JS-a i4jajl_Ljl <Luj i^aJI i ~ 'l j a 1 1 
id)^l_t-£5^X1 0L1 ilot jj_a jl^oJLl ^^^l^*. Ijl>- ajuJu^l\ 4ja_]L(J1 i>_iL«_iT jj-u-uLtLa 

I j~ 1 j a ^ a (3j-^ '*^Lc ^ cjLijj^-1^1 «j * tuj^l jlLcj 

4-Lal 1 11" a ijjjajj Lg-lLa iSjjJ! Sljjj I J LaJ^J ^ "II 4jaLLaJ! 4-a_L3 jl J iLo 

1 f^ItJI 3I Laj i_uL) L_aj_«_) J^>*T ( 3^ £aj c Ct^J^ * ^ ^jl^-a iJ? 

J' £ 

^a_i_ul_j c_a^_xj i^jj^a Jj^l 3LU1JI ^ di ,^a_, ^jji ^onduction Band 
Sj^-L^il u^lijj^^LIVI (jl Jjill 4^>>U.j .Band Gap jLUiJI S^^a 

a_iJLc uij^j < J^LClII jLUj ^ 3jLal jJI 2_l>.jL>JI L^jIjI jLa <j a 

^aLCill ^LL^ ^ J-ljI jJI j^>JL? (jji3 <Band-gap Energy ^ 

jjUu LoJLp» Lg-iLa ;4_l!Lj/ ^ (_Laj>«j SjjJLi cjLij^pSJVI (jj cuj^-j 

L^jIjj ,jjo 4£jLj <CjLL* jJI lilt LgJ(-a J^jo i J al£jlJI jl La Ll I gJLal j-a 
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CjLjj^pSJV! tillj i_jJu5=_lS La (j^J "' <1>~J .CjLc* ilJ! 4_t»-jjo CjLilj^ 

tZjl hx mi t 3JLaL>JI oLc.1 J^aJI) 4jl i^Vl L^JLalj-a iiZjLL* uji 2_JI ui 

^.^-uo cjLi^jj-oj 4_ulj ^jLjj .sL^j V L^JSlI^ . L^i!L>i >j 1 jjjlI^ («Lo-j-a 

^Jl 1 La u 1 t^^jv.! *>^_a L$jLalj_a tiJ^jj o*"^"** — *^H3 - " 3 «LaLLa — (j-u_a ilaJI 

SjjJL (Ji-lj ^j^>- (j a cjLij(_p£LlVI tjj£i !j£Laij . Jj i ojUll ,3! Laj 

Cj!^j?e_iaJ! (JjO^ ^ u * fjy-ij-^ J ^> tiUju jJ^ILt] iCj^L*-£5j_U 1 miI (j_a jIjJLI 

.c-ijs-oJLIj i_JLjiJ! — £j\ 1 La 3 II 

4 jlr La (_£Ji-a (j— —a j S "*-"' 1 1 1— SJl^j d a^a 3_lj^>o 4__uL)LlII CjI JL^L>JI 

2 jj ' a » II CjLialil 3_>lil (j-^- '^J^-iLi t — '^rh^ O -0 4^1^11 Ti09 ■ " ' 1 3 j La 

<SjjIj 3— j>^j (Jj>3JI m?j^-I J— aj • ,il>U jla — m C;r Lt <j-a 

I i i " jJL ' (j^jjj ' '""* 3-iLa) lii-j^j" i n V I (j a i a» (j-a 4-3gLa Cu ujj Lg-L3 

jiLaj .Ti02 3-iLa (j_a 3j^L>.I Sj^aJL ^.La m Jj^a L ^4j <jj^_j->L> 2 _o^e-> 

^^IlII lii-J^ j" 1 n V I a 1 a- (j-a CjLjjj^>JI JJlC <-a3c-i tiJJj Julj Jjjj-aJI 

£Jj-U j" <i j" i 1 n 1 1 (j? I JJl^- J Ju9 J . Ti02 3-lLL 4-t3eJa-mJI i ui.1 (j La »" 

. tijjj-u i-uVI (_^o-»3. (jjj £(£v>. 10 d J La «J T1O9 (j— —a Ju>-lsJI 

CjLijj jjI! d-j uijUJLI , ^. tl ctSjlaJI tfjui j^iaJjjtlLi tiJJi Jljlj I ^.aLa joj 

tiJJ j j ''^^ "' 3 *" II (J(>3 'L» ili^/l JljJ jjJ j ' ta a (j^. Sj^Lua d ;U jjla 

tiJLa uj £j I ^Jj^-iII I 1 La a> V 1 4_j_I_a^ ^>-^ (J^ ^ Julj J • d-3ia^t_a fiLj_I_aj I >H3J 

«Uiajjjtll d La-LtajeJLI «LLLajJI SjJ,! S^Ljj ^a LjjkjjJlj (_^iaLLlj *L_2jlaJI 

I j 1 »" Jl«_1 I aLaj ^ 3 lLs i I li^Lj (j I j^j L^aJI CjI 'J~J A I ^ 

lIILj (j_a (jajj>-LtJI JJ-"-^ "'l Ji^J .«L—Sj^J 20 SjJ, w Sj 1 ia 1 1 jj i^a-a-Ll 

S^La (_LlL>>J tjlr (T1O2) ^JjjLLuJI Jlj jjjL) SjiLa 3jJi^ 

jlitj L^Jj^j>«jj ^La-mJI 1 >uljujj^jX\ ' ' a * II liijj -U 1 n V I (_^a-a-J- 

. (ja^ij^LI I J j 1 ii*m ^ Lij « La 
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c5i>^ Mj'-? 0 *" uiLui (j-a Lk^lj Laj tfJLA CjjIjI JlSj 

Ti0 2 3->U 4j^,LJI 4-uj,MI olj^j>J,! 3_ik:L3 (JJLo t-jjbcOJ! dUt JfT £^ll> 

2jj l^jJI jjjl J-«-!lj Cjl__Joltl (O^IjJ (j-a ^-La u/VI 4-iIajj JLsjs ^ 3 

^1 iU^aUJ! dit ^LiiJ! OJt^-jlj .42llitil 4-iliJ! ial 2j>jj».j1! 

i^jijj i<itl jjj^al! dJ ! jJ S^U! ,_psjjij (j! ^1 Ti02 3^1 a L^j ^ " <r"i 

S J <^i£j\a 4-Lu (jji^cJ ' O"^ i^lLise luI! 4_ia. jji Cj! J^=-3 ^1 

.^ U , n >U Self-Cleaning 

Ti02 3-iLa CjLlj-l». Lgj £. ILojj (j^l O-^*^' SjJl2JI i_dJLi Cjj>-jI J 3 J 

t_llLL& 4_*j^ c_uJ 1 J^JaJI 4^ j tfr £_a ^jjLjLlJLi ^^j-iLiLi w oje * Jjjj-ii] jjjLlII 

| £^LLaj £>^^ ^^-^ ^ il -^>-* l -"-' Q C?"^" 56 "" 1 t ~""' Q L ^- i J 

JjLLi^M 3*1 tlaj ( _ ;r 3 iajiitj uuX\ 1 AJJ \j i ^ 1 1 ^jj! uaJ Sjl iV! CjLal iSiS" 

3jsLa (j_a 2 fll d 4JLl2j 4-aj-IaJ ii-ilLLA 4juj i_aJI Ji^JaJI iluj 2 'j uijjlS 

Aki Sua-U-JJ! a_.UA >t t j^jI jj| ■ ^Ur.tl ^ j ij liiljj iib^LLll Ti0 2 

agj 'j ■ II ^jjl 1 a a (ji uT 3^£Li!l o j-b juaj . cjLal juSL!! 

jJa JjiiJLij .oLaLi£L!! 5_.UA f *>Uo ^ S-ajij-" , »11 ajiJaJ! 3Jj^ uij 

^_La i_ol 5_ll_aj>* ^j_a 4jj_)Ll1! Ti09 3jLa CjLi_j_l>* C.<-t£La-l lil iSj^LoJI Caaj 

Li_a^_j t. >rjj t_uj 

O-La-dlJI i» 1 — 8 J*C i"itl) ^£ ^1 Sjjj^s (1—8) J'C jjj 
2 al a ui 4 ^j a j 4 j» J.' 'J 1 "* 1 1 '"'l'**! '""'Z I «^Ua j-jjLj jlj-jj (_p3jJu 

(JjJLiiJ Jjlj CjLsI liuSLIl 2 j U A i SjLaj jl 3_aLi£. iSj^jLJI Ti02 3jLa ^ya 

\jJt jj-a ' eaj *j ^AlJl S^Lual ijr 5 4_ajL^i t_uJLl aj i 'j ' a 1 1 ^_jjl_t-a^a 

4jjjj_LI 3_3^^J| t_SjjjJa Cjj>j iSji£. j ^ ui V (jjJ! Jji ( _ ;r l^. 4jI 

158 



Q-La^L> 1TIO2 <j-a 3 S 1I3 j*I Jticj uil £-a 4jLa 1 1 ggjl «j I j mAj 4jJL«JI 

j-aVI 1-8 JSLjSJI) LgjjLij AJJ 'J i all CjLfll iS£ 

.(jjAil! (Ji-lj i_JjiLI! Sjlj^l ^jj i n a ^ylc 2kal I ^jf mJJlI! 

(_p3jjiil Oj^>.I SjjLiLa («.}» 1 — 8)j (« 3-» 1 — 8) luJI J 

La-Lu (<-3-)) Ti02 (j-a ^ aj Laj (jjila SjLjVI CjLsLi^ (j-a lXc\j »LLa£ i<LoiAj 
£j\j>J1 (j) ^.Lsajl 'j g loI 3jLC S^Luo^/l (Jgj uiJ Jjuj . « J» jjvVI sj^>J1 (Jlaj ^aJ 

^ j i r-i La i4-iLu£ 4-u jjj£jj JLuk CjUj ujj Cj-4^IjJ J 3 i Luaj j«J (_J J II 

(« J» 1-8) JS! uJI Jila-ij I j-4 . jl5~VI «j-><JI (j-a j a-talll ^It* Ijuk 1 1 a"t a 

■ La »" jaJ ( _ T lIlj i3j c j^ 3« Liail SjUVI CjLsI u& 4ala/g I Jl>.^? Sjjj-a 

" _. * . " ' 

ajLaj jj-ij SjjLLaJJ ^Jliej uij 4-L*a.j-a 3jj-ua£ Cjjui.1 iSjjjLDI Ti02 «Lojlaj 

E^UaJI 3jl «if -J^JJ i3*Lt«aJtl CjLal uiKW ^Ja - ul 

^^SLdl OaJIllj LjjjJ^JI A^lSLa • 
£jj3 j-u£ Lgjjj>-t ^jy^-II «LoilSLLI 4_jJLj_ilajJ1j 4-LL T e-JI 4_La lIij^I J-iljJ 

^ j^LLuJI j j i ii^? (jyjL'i cjLijL^s. (j^Lc («JLtJI cjj^tjJI j^lj_aj cjl_La-ol£Vl 

«LujjiaJI «Jlilj i>J,l SjJLS (j! d j o Uli iij scjl '"'l >. j 5e a CjJ £i 1T1O9 

(jSLa-i 2jj ^ajtJI CjL£jJ.Ij jIj 1.1 jjjirsj (jlr 2 5S| A 1 1 1TIO2 J5-a i3 j_5_jl_<J1 

i.-.T <>ij! jlsj . Microorganisms 3 jj^JLl oLolSLIl JL*-a ^ ijS^.U- 

L>L>JI ^ SjjjLlIl Ti02 ^1 jjjLj 3 sjjj, j^lll t_jjl 

iEscherichia Coli (E. Coli) 3jj*XI L i r« IsjjjII 

cdlij i^Ljj-uSLJI Lj>U»JI dJLLl (^Lc LoL^i *Lia2JI cuL^^I dJLt Sjjlj 

3j-3 3j qj> (jrC-L» "4 jJj-a-l JL>-lj ^4J i-ul SjJ. I ^ (J^Li- (j-a 

/ ^ lmW/cm 2 L*jlj-la JUjj V 5 Laj ■ iLaliiSLij iZUa-.Hrtijtl 
Lj^>Li- JaLiiJ (jlc »1 if-iStl (j! ^-jLjJLI I Cjj^Lal n_Jjj-l d '-"Ij-i fjr^J 

(jS^ Sjj 4 l-ij i"i 'n |«jJ (jl (j^>-4^ '^JJ^I Lj-t^jj '"'J V I 

j' 

ibtjLaj 4jjjLj u Sj^jLlII Ti02 ^Lj-h^ '"' ^ a l (J^' C^°J 

^jLlj CjJi^f JuSj 3 uaAlI j! (j^Ltill (^ji^ (j a 2Jilie-a i tila uJI 



jela lj/I ^ric: sbtJajJI 3j3-Li!l ajlaJI tiJJj -iJ-»-J (j^ i-uljjJI ol 
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( ^J* ''^ ^^L- 1 - 13 ! J C i *" tiJjjjlAJl i j-o SsL^al ^Lt_ua_« ^-i^tpj i La ^ 

3-j^j Ll! I 4-u^iiaJ I Cj lj_o->tl I L^jJ J ^Lj->>-! i^jl I «Lo^UaJ I Cj Lj^jjjil I JljJ^jJ 

4iuJL>. d L^jj^j Cr^' ^ i j 1 1 d j n U II j-jLlill ^\ 5jl .".VI jjLaoj 

S-UjjiaJI CjIJ^J.1 SjJlS (^JLc «lll <-3JL£i ^2009 ^.L«JI ^ '"■ 

Jlo .3MUI -'j a-Vb 42JLJI cul i-ujj^AJI Jis Ti0 2 3->U 3 j^JsLJI 

liJJj O-i^alj. J__3j . (jl • u 1^1 1 ^ ■ ■■ A *~ tl j|_£>JI ' _i j i -»~ (jjJI '"'l "'JJJ'^ 

jl jjj 3_oj}UI 3-iliJI J «Usc^aJI 4jUjJI JjsI j_l3jj ^1 3 o^U 2 uiIjjJI 

(_ylll j-«-tl ."il ' ^ ^ aj<" , c^lj 1 1 tl. i A." , ,.l La Lili j j '^j^ < f II" 
o (^1^. LiliL^-J (j-Lta^J (jl L^jl_Ju (jjs (jr^'j ' ^'J' 1 ^ 1 " 1 (j-^ Ti09 SjLo (Ji-JLi 
l^jjjlII (JjjJij-loJI I j *^ ' (j-* UL^- 1 OH"^ 3j-jla_>*JI CjI i-uJij-loJI (j_o clliUl 

.SwineFlu (H1N1) jjjliJJI Ijjjlij] 
g-L^lj iHINl u ui2uj 3jiXU,I 3j cuJI ^ ^«JLjtJI c-^SLj (j! jiiaj 

' ^jt-^j" ^3 ijj^LHIj J^?*-" '''I; ; '« 'S) 1 i^^l Cr^ d 1 «a Ltajeli 1 1 4-ilL»JI 

. L^LjcIILo 4^. I i 1 k*> ( _ ;r a L^JLiolj 3j^jLl1I Ti09 2^La diU!M-Laj cjL-lj^. 
(Jj-oJI LaaS'Jj l!l 3_iibi_JI ^jlllll i_d 1j c^so^ 1^ «J>ia 

j^>.J (jlr L^LtlJLo 3jJ aj iSIjjcJLI ulil^j li!! lilin! 3jljIh!I 3 jiitjJI 

L ^ r a Ijut .JoLlt Lilllb CjL^l^c-I L^J&Ia-i-iil 4 j La »" C-i-lLu: i<L^>L>. ' ^ I . — 1 ' 

3_uLjLl!I <j-j1^j i^ill L^jj^>-? tfjj^.] 3 i-uljj sua a£Jj ^IlII t>^»JI 

Masks 

jj^j Sj^jU Cj|«!>LLa I (j'-r i ci J i — aLiiT (-J lc <■ c i i ijJj isU^aLi- 
Cr'l Jj*"^' i (_P 4jJLaj H1N1 (j^/jj-ii JjS ^^lc SjJlIII I $J 
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«5U» »jt£ j+SA Jju 4jLaLi£ Sjljj Jj i uu ilJij Jj-illl f '"^ ( i) :( 1 - 8) J< uJI 
LjLfll ni^TI 3j^us ((_») ;'iUajLUI Tl02 ljLcu^> /w^ Aj^SLa "iiaLiuj 'iULdaj 1 . t-A< 

"iLbala 3 j-la 4JUlluJ Jju - J_alSLIb L P^_j ftjj - 3jLjj ^2Li£ cLLa^ ( J iDj^Uo (oJ (->>) 

L^J ^HaHj ^ Hl 1 3 JUj-dJ 1 4_u ^_Usj)j-^SL1 1 (_^-£3 1 j >J 1 1 o (Jii ^ 3j 

(j'j^^ ^^-^J o'- 1 *- 5 (J' 1** T ' " ' d taj ) iMj^jLJI Ti02 CjI ±f^>- 

t_!jLjtlI! I.'iImI I^P- "^Lj-^ UU-UliLj i jr L&jX\ l4-0~lj_>JI 0LlL«J(JI 

J) 
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(jjc 4j-u1I iS^jL^sII jl jSLI! (jjo (JjI uJ\ J LaAlI ^ Ljj^i U£ 

L^jl_<i/ (jjs t^l aSUIj j\j ■ o VI j «L>. j j_aJi I j t<Lx»i«JI (j-u i-u^l (j-o £ *-4^- 0 SJlcLs 

j^jj (jl cJlJjJaJI . 4jL3alLa j_lC SjUj^ d j a \c O la I uili^l ^1 (jl 

(__All (j^aljjJI <j-(_L«IL] *Li^jL>JI CjIjLlo-VI (jia *J *!j^>4 *Lul ( _ ;r 3 4j| i Luk 

p^Sj j < uj3 (_L->-l (j-a Ti02 ^-J^-jLj cL2-lLu SliaJLtl jljjj ^t-Ia ■ u I I j . . 

Sjj^S 3j_&LLi «LsJjlII ■ a uu£l i jljll tfJLA ^Ja uiZ (_yjlj.II ' Ljallil <LjlaX. 

Sjjjj (_JJLo «ijjiljj (__,]! I j£ J^j pj («143 ! I rilU a p^jLi — u> ^yfl (j£j pj i_£>i-l 

Ti0 2 cy as .' K' SLkU! SjLU ~U ,., Wettability JL ^ *LU U 

«LtLl jjOJIj (J Lil I o SjLa jJo ui 4_d-lL3 p j " 4 il <_3j|jJlil (j_^aj 

<d «CLutl j^j 4 JaJLi /\ Hydrophilic *l «JJ <u>. - Surface Wettability 

*LU (jjs s jJajj (j^^j 4jjI3 u^t La (j^Lia 2LL u/Ijj - Hydrophobic 

a jl& SUjja j|j Ul£j . La 5jI a Water Contact Angle (CA0) 

LiSLa ,^^j^;tl ^Ic j . L$J tajLLj «Ljll olj taJi] L&jL^ ^ia ■ Jl jl£ <b$ljJI 

j. V. I" (jLi *LU Llilj La2J ^la ■ uli (__JLc I jjt iSjaljJI dJJj <La-L3 cJjj 

. 4_lLc p^ljJJJ 

: (j-vilL*. (jjLoj (j? VI I ijlf Laj2 i LJ a-C Sj_&LLaJI <3jUi p j flj ' (__ T SL1_J 

(j nl ol ' citLaj ^ i_r^ L) -0 J^' * ^ q f^?^ 1 O' *C? ^^^' 

^ 3 p 1 1 j I JLnJLI ijij (j I (jj-^ a^^jLlII^ i ^LlLa ^L>.^JI ^ys * 1 a a tp^-Li 

JLlC d 0 »UVI (__,j3 4^aJLi>-" mXI (Jljj^l (j-a "j (_y^C- *LLI (j-a 

i_3j lojJ . sLijta 1I1 sLSjIaj SllajLa Lajl J — _a^-Laj I (jljj3 1 (__ r 3 L^JLi.jJ 

(_jGJL>JI (_/\j (JjjIII 2jUiLJu^s (jja i^Jaj uuJIj «La^JLI SjjjejJI tiilj Li-iSLa_i 

(__ T J».L>.jJI ^la uJI (_yic S.iaj>^jJ,! fUI La3 (__LLaj La-LiJa -^Li ^aoJa^j 

4_ta (_Llcj i(_jj>.L>.^JI ^1 Ct^" -J^ 1 tJL ^ «(^laJLajj» (jl (j^j LaVl 

sLuw jJI ^ 3 ■ La II 1 La i 1 1 3j-3^' ' " ' I J " ^ ^ O-' 1 ' 2~ 0 J ^ ' 

pj (j^ij ijcia — uJI (_,!£: (j^i LgjaJjl (_Lj — u<J ol j£ <^u-it ja^JJ (jl 

.«Lujll 4^ijL? w j'» 
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jJLajj SjLjji j! ^Jol ^1 CjjI 3 fl i I ' a 1 1 4-±i\-> -5j 

(jLa i La j« ui^. uu 4gLa »" Lgjal Jiitj u! JujlS . Ti02 Sjl a I 

( _ ;r JLl. IjLaj^.! liiljj iOL>-jJlII (j— a djlj uul! Ju-aj 2_ljJ_i1I CAG - 3 a A 

Ijub ^_La_oj La I jl «IjI Jl_u . > n -»JI Ijub ^ La i - ^j-ujjLtiajj 4jj uas>* 

o! j Laja (jLa uiilJ! 3j« ,iVl ^j"! Ti02 SjUj ^ , n-*.tl 

3-a_L3 Ijj I i'^Lajajl j j LaJ jjLi Tjljj ljJI ljui Sj^s-jl! *U! 

LuiaT Ijl iSjjjI j mi" 'n (jf ( _ ;r a <tcj_Lll La>J_Lc jJjjj ftu (j-aj CA0 4jjljJI 

ajui ^ ■ aj ^jl fiLtUre-JI CjL_oIj jJI (jja ^-JJ^ oJjL>. Ju3j I Jub ^-La-uill 

(9 8^ * * 

(j-taje t"~j . L^J ( _ ;r aJL»-ll (j-uL-uVI ^j-jt^J o'j 3-2jJl-il J-^c. SjuiLLaJI 

~ La i (j! iCjLuIj jJI i_dJ3 ^jLlj L$-l!I ■ gj 'l 1 a j i 1 1 II ciIj-j ■ ■• *~ 1 1 

Cy i^iIj-LaJi! «Ulajjj Ju£. iC;r 3.jL>JI ^Lj-JJI 

tuJI Ijub L&jIjJjj uu\ (j^. 5j_lj£ Sjjlj jo_l2 i_dJ j (^^a 3j^£La 

3_i^>^l,l 2 .j ,^.tl CjLj^U.1 ^yA As>.jl 4JLxLa l -H>^ 4_JL>. (jy^J • L^J (_t_>Jtl 

liiij 3jU:~ jj'aj .Ji-ljJI (j^j Sjj^JI SJaLcl ^1 ujjjj La (^js-Li-JJ! ~ U , „II 

jj-a 4_LjV! ^ x» ■ " a ' ' II (_3>^ 3j ij^?! j JLuaJ £Luajj«JL! i4_L>-L>.jJ! ^ia ujVI 

^ ^j^al r. 4j|j_iJ| ^ u;jJj ! jui jLa iSjjjLi!! Ti09 SjL«j .^tl 

i ( _ ;T ^.L>.jJI jJa taJI AJ^J^' s LLaiLl I IJl^J '"'Ij LaJaJI (j^a^J ^jjlj j<t;ia 

(J£L*jJ! iJT 5 ^_uaj_a La^ i^_La_*_aJI ^ic. ' ** 'l j La a 1 1 jlj 5j i ^JJ^ jj^t-i La 

sLSJo (jLa i4_u^j^£jj Jl-li4i CjI ij i hj^Li Li^la jja (jL^ Ijl Lal .(2 — 8) 

V i*U,l (j-a iMomiII Sji^j 4njU j^JI 3jJ>5^]l oLta^iJI tlLt J^Ji Ti0 2 

J! 

. 4_i^jJI (3tH^ 

S-ta-Ls-jJI £-La ljjVI Ti02 SjLa *>LU (^-a^ej II oJSjJ! ^ 3j 

CjjajJI ^jyh (jr&s 1 1 fe-^ «LJLI '"'Ij Laa jo^I^jj <_U^' (j^ 0 V - J ' 'j ciLjLLJJ 

(j^. i_lO 1 1 j — La uLj jl_J«Jlj 4j^j^/I CjI j j i-», j I i aj 1 1 (j-a I Jj^"' d uuu 

- oLu^oJI LiJLt jJa l^i Jiaz. 2l1IL«JI 3-3-jlll a^j ,'^rW jl^JLI ,_LJL^ tJjj-La 

7T U, „IL) L ^1 ualll (jjj clj-^ La - ^jjiaJI j j i Wil l (j^-^ 
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SjLa joJLkJI ( _ ;r 3 ^j-jSL!! CjIjI j i uli ^LjjI ^J^J uj {j-o .J'"*,' i " ■ a toj JlSj 

oljL-mlJ 4-j>.jLiJ! SLjj-LvJJI jia mVl ^ .ol j n"»Jl Sj^iLi Ti0 2 

*>UaJI I jut j^jj jl i3 iAjLo ^jLlLll il£ jlsj . L^j L_jIjJ.I j 

^-la ■ uVI dJJi! 2Uj! J <*J^3j '^J-^' J^-" cr^ ^Ji>^ (3.1* W J^c i_aLiAI! 

j^pajjuj . L$_La ^j^^jjegJlj 4_u^j Ji_l$J 1 .il^ll CjLljjj>. ^J_lL?o SjJLoIl 

i" i .i i (JS! luJ! (j-oj . ' aj.alll (Jiaj j«J La-y^ iSjjjLJ! Ti02 3jLo 

Lo i LgJeia l^lj j I . -V. t VI ^yi — Ltsc CjI j ^i^J 4JLjj*-a SjLc qj £j 




~ ta i u * 1 ^4 «UI 5j taji 



«La 5j Ia3 



TiO 




2 u- 4 



(«U_U JjLLs gala ■ ■■) 



( <Lj_U *_l>i_« yala^w) 



(') 



(10) 
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:(3-8)JS_£ll 

iTi02 3^L« l j_4 <&La i % 3 3 t5j SLa-Jaj 1 g *-^>** ^-LLj j i u^vi J ^ u ^ c L_oi ^^—a L^^_ 



(n: 



J' 

<bjjLi!l jll j j£ t jjlj Ti09 Sjl a diLjLp- (jli i L5j ui4 L«£ 

(j£>-C-i Ju9j .j )LlII Lo^Jjj^j 4jr 3 a ■ a aej rt uji j£ jj_a Jl>.I j J uz£ 

CjLlL*c (j^. 4 iil V" II i_2j-i^aJI tfl J " J J J k*"' j «UjJLsl^ 'S>^ J"- 0 ^ )L)L l 

Volatile Sjjllala 3 La/C CjL£j_a (^k. i^ji>tJ ^1 J i3_i£.lj3-" J j'^l— tl 

«Al 4jjpLJI cj|j^>Jtl J l^Li dLJij ,Organic Compounds 

j I (^Jl ^&#>.L>j t_iL — uji i^jj — CmX\ \ j^j ^ Wjt l J-4-*JI (jj>2 j-^jl • Ti02 

5 tj ^ . .. ^Jl Ju3 ii<La^jti!l «LnjLs Ti02 J^p-L-u-a (j- 4 ^JJjLj CjI ij ;>! Jua- "i i n I 

(12) » 

4_jj9j J Cj LS-tla L_£iJ Lu 1 j£ju_a La Lliaj i l l^i_> t ^Jj-il 1 1 JLA A^-us Jl^J 

^ j 2 UJ <L>JL»_a (J^>-l (j « dJJjj iTi02 (j-* 4_jj_iLj C_)Li_j_u*_) 5 1 LaJLa cL^_jj3j 
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LgjJ jLglil (_p3j-»J tiil i L^LaJ btx ^-"J-^ '^j^?-^' 'M ^t 1 Ct^ 

(jijj ^pJI j Ti02 ^1 i'rh 1 ^ SLLaiil 4jSj^JI ^a^/Li 4jpJ! <j o ^l-^l jJI 

l-cJ£,Tj . Activated Carbon Ja-uuJll 6^i>^-" Jja-*-<-u^ ,j_a SucLi oLj_^*j 

(jLcj_<j/ CjIjLc ^1 SJajaILa iSjjJlL! Sjaltl SjjLtajJJ 2jj l^lII CjL^jJJ j^e-JJ 

i4jj3^oJ! ^eJa ■ u! Ja^-jJi! "-La u±A.\ Qajj£LJ! Cil ij ia» I j i aaj 1 S La 

. SjjJlJI (j-a Ia t <- I . j)jje_a_i dlljj 

j' 

— Qjui—uil\ *j-UaJ «Lx^3jj(J,l 5jjjjLlII Ti09 CjLi-lj-s- 4 4^a JljJlI^. \j 

L$jj uj£'\^ njj^jj^LIl cjLu-o. I j". . v. (j!1J| ^^j .^»11 SjJej^fl cjLIj^». ^.a 

(12) 



4j^,Li culj^ii (j_c 5jL^x. ^ ^uantum Dots 3_Laa^SL!l oLi^JI 

Nanocrystals 

(X, Y, Z) iuMu jUj! oli Nanoparticles Spherical 4jjj£ ^Laj 

i Lij^j) La^ iCjLjj^UI 0 J A {j\ ( j-a ^aJLjJI i ^ r l^,j . 4_a_Laj_La 4_t tlu 4_a_Laj_La 

jj 

CdSc iCdS iCjLi^j_a (Jla Cj^Lj^jjJiI 0L1 il/^/ CjLjJ}j_a Sjjj^j (jr^ J 

j-i^LuJ 4j^Li ^Llj_o- 4lut La ! d iLa t CdTe t ZnS ^PbS 

/\ <Fe jjjiaJI iPt (j^^M' 'Ag 5 ■^• ;tl 'Au ajJ! Jla 3 j >. SjjJi 

. L4A j^L J CoPt3 tPtFe dJQl_Lu/ Jla 4jjJ]3 i<IMjmt ^Llj_o. 



(jjijaJ /jj i nj'^^-jJI j j j uill «LuijSL!! /«JLc ^1 cj^Lj^jjJi! «L c^i 4jjjjLlII 

^SLj^aVl Luji^I^a «-abu «L—LauSLI! J\ - Louis E. BrUS { _y±)—! 

SjLaii! cjLjV^JL S jj/j £JI Bell Labs Jj J^Lla ^ ,_L«j«jU J 211 ^ jJI 
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j_utj <Ll3 1983 j»L«JI Ljibej VLLo j uij ££3» - 4jSLjjjsV! 

4_uj)_pSLJVI (_j^s!jJ»JI (j< ' CdS i_i^j_a CjIjjJj oLo-uj. jLn-il j j i LaJ 

lj-iSLx-i jl i3j_uJJ ^ 1 j< I pj"l'al .^"CU jai«J djgUtl UI ,,,jS?t siljjj 
J-^^ j J ' >« i (j - * ' J? ^ * i3 JL£,!j J^-^J Jjeojjjl (j-* 

jJLij (jl LjJj-C (j SLj IjJ .Cj^Li^sjJJ oLj iI/V «LusjjiSLI! Cil n j-»JI jj_ -jj 

StajLla t Kavli Prize SjjU- 2008 ^-^U! <»UJI ^ <_>uj>j jj ^jj-JI 

i4jj*jj(j_Ljl CjL»j^Ij jajinl!! SjIjjJ 4jljL1I! U II 4jj*j^)_lI! 4-l4-O^VI (j-a 

Sumio Iijima U^l ^a>^ j_^_<iJ! ^LiLJI ^oJUJI 

dDjj i ^ SLj^jLLll (jjjjiJI u j 'l"'? JJ'^--" J-ua-ill <u!l (_gj !l 

filr JLa-o 4j3^L>JI La^jLcI JjIj 4^ej>.LiJlj Sj o" i m U I -i & 'j j >■ t IjjJ-23 

Cj Li_j_i_>J I ) 4_j^_)Ll1I CjIjjJLJI i, * \ I" jl U«T jjLtLa jjuLa ^Jt>[j2 ^-jjj 



10,2 

2ji 50j 10 

(>a Single Atom 4j.sU.Vl SjjJI t±!jJ ^ *_*JU ^ IjJ <.>£Vl (^i^ 

jijl jjJLI J-jtC. J i4-LAj-«i£JI CjI inirll i_3jJlil J-^ c_^-i£_pJI I juij . 3jl U 

j_La » I ■) U 1 1 j (^CLs-LlJI j»L»jjil jljJ.1 i5jui Ojjl>. jlsj .3jUj_iiJI (_^ljJ»JI 

«U I I^JL>.^ JL3-S . I i n t, I 4jJ-i-£S_JI L^-Lta l^>. ^ya q * * ^J-C Ij^jju ^j? 
^jL^ i 4_pt_*_oj2_LlJ I (33^ ^ * i*mVI (Jii-a ^j , >^tl ^j-o (j7 j>^j[^- jjuual 1 ^ i *" * 
JLlC ^ a b se a ^jljJI 3jj_*-£i ^^j^ ^]_>^-I^ d S 1 1qj ^3 ■■j'^^ I JUfc ^" 'i * 1 ^jlj^ 

j . Wavelengths 
(^1 cjLljj^JI ajjt jLLiaf jjjijjLS^ LJ^ I^Ltlcl j^Cuu L^la c^j-±1XI 

^1 iCjLljjjsJI liit jl tajal jL»jT 3jl jj (jf i Lui j^jj (j? (_i jj LaJI 
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(-.sLiiaVl (jlj-H O" 0 c^-J^"' <J_J^H ^t?^- 1 ) ^ Cr'? ■ ..A i i II (jjlll CjL»jjI 

™ £_a CjLl-ujJI ajui .jl-S>J (^jJI CujjjJI ^yfl I JLA i(2_u j_U 

. I Aji Uaf .jLtjf (JjijjLS-o 

.-,i:\ :; u-ti • 

(ji sLlojjiSUI CjI m it 1 1 SjUj_iII 4jj LuijSLI I j «LuLjj-LaJI (_^lji»JI Oo-Lj! 

,2 j,r- 1 ; , ^tl cjLcLLaillj a VI J£ SjljJlcj 3_c jji^ cjVL*-o LgJ j >j 

4-LjjaJ I a jJj-ijJ I '"'l A j xLag]| (jy^J CjLuj_pSLJVI 4-g.l i ir-i ( _ ;r 3 taa. VI (^i^-J 

(j^Lai cjjjjtii Fluorescent Markers 3jj>J>3 cjL-^ljfT 

jLujI (JjijjL2js Cj ijG I 1 j " 'p mjJlj cLuLiij lJI Lj^Lj-JIj j»ljjVI -SjJ*-J 

— CjLo^LkJI i_dJj-J 3j_&liiJI (jl j IVI I ajaitJJ . Lfl-3J*J> j t ir-ij ^IjjVI tll L) 

CjL-ujJI jl la-a! jLui <_3^ll>.Li ijaljjVl -5jJ*-J <j£LaV SjJljsJ,! - CjI o lOjJI 

t * 
3-lsI J i^iU oli 3j ^jJ! 3-L uijJI Jjlj ^ il jj .3_ajJej uiXI 3-j-aj-<i£LJI 

J* " _ 

.p i ioJI (jLLj^JI ' a u^ll jV! <Ujj-"uiU 3-JL*JI 

jl J-oj d ^ ' " ' I j 1 2 * ' «Ll«j_<i£LJI CjI i_u_>JI lLIJj (J_*u>iJ pjj (jl £^ jjL) — 

iJ7 ^ Ll«-^3 3-° J^^-jj p i n-»Jlj 4_jjLIs3j-*_ujM U^L>JI (^jJI <L>. C^-pe_] t4_uLui_j£ 

■ p i ii-fcU 3 gjl i ,itl Lj>L>JI jIjj*j jl Ji-lj LtjLsIj-a 
2lu^ISLIV| CjLcLc^JI ,^3 • 

^ 1 iaJj c CjI flgjioJ L$J J >>J I i iaJ I (^y^S ' A Jl>J I ^ jJjj^SLlVI 

J? 

' ^-H 4 IlcLlII CjIjij JJ^i ^ c\juu3 {j a itj cuj — 

^ 3jja._jJl1 Sjjt i^tl ^L-uaXI J "i o Light Emitting Diodes iLED 

4jL^3 JJ jL^J>JI (3^- JLlc J-«J>-VI L^j jj (.j-^C- I « MJ 'j^?^' J J* 
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J? 

^Ljjd! Sj^a-I 3-iSil mi j SjjjSLLI cjL>.jJ.I Jl jial ^Lsj! 1 3^>-jJ.I ojuJu^2\ 

. 4_i_L*_a «Lx£.l jl «L>. f)l ■ 5j i u I ijr 5 ^ JL^-"i lu 11 ^L>o r* w ' gaj ijy ILtlj 

j? 

iiDjl£j 4jjjjJ.I j_jjL=i!l oLa}L«J 2_ul j_!l S^LUs^t ^ ^jiej luj - 

^L^JI dJLt 

^ 4Jjl_CIa O^Su I o SjLc j^IJI j iiiilj ^ 2_oJiie^ uiil oL-co-JI jl Lall 

• 2_iljL>.j cLilHjt_a ^jl^JLi s j ■ ga II L$_Lc <."<* uJ (j^>* -iLt_)V1 

^* i gaj jl i«Lu5_3jJ! j )i LlAlI j^^ljJsl Cl^l * mi a Cj La_j_Jgaj ijr 3 ^JLrtU i_uj — 

.jj-jU1 d * Mit l-$_La 

.^1 jlVl ^lUj ^LiLu s*l jii <yj ^jjeTLLo.U Blue Laser jjjjVl 

(j-a oJLUI (Jjj>J! 1 1 gaj ( _ ;r 3 4-Laj-«SLJI C)l m j-»JI i_t!ij i alajj <_3j u/ — 

lfiz\j£J dUjj Photo voltaic Cells 5 jktyaj-jAtt 2_i m^UI L_j}LiJI 

3 j i ul!l ojlaj ,4jUI ^ 60 jjL*j3 1. 1 1 .i m 2JaLkJI jlJoj ^ 2 riil 

ji 

^ Jijr" i .i U <b, LtlSUlI Q^SLlL u±i\ SjLa 3c.Lj£ 4j uili O-ij^ja La I jl 

LU (J\-fii iSjIII ^ 33 2-i L^ij (^Ic 2jjJaJj| 43 s La£ JUp V mJ jJI j uujj 

.2 m, mi mi 1 1 2Jal_LaJI JLa-a ^ oL-ujJI dJJLj 2_<_a_&l mJJuo 

2JL>JI ijr 5 «Lj-a^jiSLll CjH i n-»JI /cj_uL l_3jju Li_i£ i i n a ^£^^3^^ 

2J!SLa iiLtj! (j^l iSjaIj .Solid-State Quantum Computing 2 ,1,^11 

CjLiLjjlILi ^l_LaJlj CjLLjJI (jjj^ej C)l \\ i -»JI LilJj ^Ijiitj ij/I ^1 

«L ^Ir 2_uj^a£LII oLojjJI a j a*.* Lt. l*U i3j 2j>J.I 2_ul i^>JI 

Ij-ii. I j-loJ JL3j . 2^ uuz j-JlC 4_uj|jIlSL!l (_^l ^i- (j-a 2j JjliuJI Cj^Li^s jJJ 



169 



<jL/ 5 ) o uJI Nature SjgJaJI Sl^^ 2009 ^L*] ^J^j ^ 
(j£Lo3 jls Yale University SuSLj^aVl J-<_ Sjl^UJ j—^Ll J-*^ <id>^ 

4aiua]| 5JLaJJ 4-Laa^£ illLll i ■ jJLkjs JjI (j-o j^Jj^/I ^jjjjjjl ^LliJ (j o 

S' (oJUJI (jy. , „ a j^-y Solid-State Quantum Processor 
LkjuAIi *Lof Signals o! jLiV! J2i! 4_j£p£JV! t^LL»- uJI l^lji m," 

( * t La 5j i_uV1 ^Jlt&j t_uj 4_La^a£Lll Cj Llj_i_>J I JjLjs *4_ul t_u^J1 CjLJL^jlII 

. 4_u^_*_uL>JI 4_a_La_)^M 

3jH3 J_La iSjjJLill ^ liljLj ijJ! ^Lli! j uj J i^j aj jIjJll »1 air (jj/j-aj 

1 J-i (J' L?****" t3ji_o* jj-ssl ^t- 1 p ' ""m <^Ja^9 t-iljLt i-u Jjjijtj i^lljala 

jjjja . " ij , ^i" a I -(j-^l liJJj (ji^. 'l "!J<jU 4-lL>.I jJI £ Lu-j-!l I J i j fljja 

4jjSLU j i^iLulII j^i^ij <j"^ "-"J ^Ir ^ <>-iLI.I iiiijLj lJ! ^Lljl 

4£Lu uA\ j^ii (jJjSi (J^J-I (j-a i l_«-a LgjLij L^ic Laj (jl a-ieaj 4SLu i^iil 

i4_iSLuI£Ll1.Ij 4jjIj^>J! CjI sJL«Ji.l JlLa t d jlr S_jj>-j^J LjjJ. ! CjLlLsjlI! jjia *j 

£^_La ^^-l^. Jj I j t'^' La i4j^^ S^Lijj 4_t-£s! ^ i n~»o ^J^>*l (j-a dJJ!ij 

. c\J <Lux2lLuiJll (JojLuuJ I CjLji_aX. J_a^tjj J/G_aj <■ 1 1 

(17) 

(j^LjjLLa j_JLuaj (jla i J ji^iii'il lj ^jjilLl I Sjm a LJjLu La^j 

j i 't i *lj^>- (j-a (j i i i t"" (j^-JI (j^sIjiJ! OJLA (j n i'n (j-aj 

d U ,", .SM < ''j" 1 '^"' (_,JJ Jjjl ...II (jj^J! (_ys oLUjjLaiiJI <U2j- CjJjl>.| 
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(J—jLsejj iNanocrystalline Metallic Alloys 3 3 3_j^Li 

(jja I j"j j la ' (-;r i^. 4 jSLuISLl!.! Lg-Lol ^i- ( _ ;r 3 Jjj flJJ ' L^-La 3 JUJL>. Cj^I jLc 

: I a i» i(jj^_Lila jj-u 3 tajlj tl 3Ja^L«D I ^.jij^j (4 — 8) (J£ uA\ 

2L«jLHI jIjlLoj t j jj>^' ^^Lu Grain Size oU> jLtji 

j* 

Yield L$J <_p= jjGj w "tl cubL^^U V ^ 3£Lu uJI L&jJijj w *tl 

3j,„<»tl <_<-u.Lu]| 3U^M a ^iWi,,ii j^JLl Js; uJI (jj>j .Strength 

<4\ 1 1 



JSLjiJIj j_jju>J! 3£Lu ui L^jjLu w ~tt Ultimate Tensile Strength 



(20) 
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. ; Grain Size LjjUjjj». u i. mI a a jUj! ^JL; i Yield Strength ^j.^-^ti 



171 



VLa-o lj .„AM ! 3j_lj_lj»J I 3_u-l1I 3_^ajLj i4jjJLUI liAjL t_u JL>o 

i " 1 1 c Lta S II ( _ s 3 3-aJliej i-ail Sj^j-lU CjI 5ej-lU i ■ aJ ( _ s 3 Li uL-ul 

.(Mg ^iniifUI 
.(Ti ja^bjlJI dJjL^) 3_uLUaA]l oL^jilj o! jjLUJ! 5^,1;.^ ■ 

3_< u^Liil! jl^il dJiL u/) Sluj^SLII j_ul^ilj oVa^J.! 3 cLiua ■ 

.Co cJLjSL!! j Fe j_jj^J! di^l j ,„ J_ia .Magnetic Materials 

.(Rare Earth Elements SjjLJI Su^jVl j^sLuJ! j 

j 

i^Si S^ajlieli cuil 2 jjj j< 1 1 4-iJj i r-ijJt I 2 ojLs Cj^Li^5jJ,I 3 cLli^s ■ 

Nb ^jjj^iJI liljL i_u Jlo) 3^ j lJI 3_2jLa i_< lJ^JI 5^.1 \<s> 

.(Sn j-jj . ^tl 

J' 

^ j» 

iTjI Judi gja ■ -t 3-ila ^ 3-aJuj-" uA} (JjjLsjJI j 3_lAc.VI 3_cl_Li^» ■ 
(_£j-jJI ^Jj^Ja (2>C (J^LjJI {_ya UjjjLaj». (_p=J *J i3_jj_Li]| CjI JJ^?I j 

■ (^>j)j i nir Uli LiijLjj/ Ji-°) ^Wj^^J '^^-J^ 3x.Lu*a I 

— ( _^Li^jJI 4£Lu L^j) cjLi^jJLIj cjIjLj ijJI cjI jjLLaj 4 cl i M 

.(Pb-Ca f3T ^lSL!! 
oL£j_tl J^l jj* i ^j 1 »" 1 nila <JI SitSj 3__jji3 3 jUA ? 3 cLu^s ■ 

CjL>.j jj I g ' taj «3 j3l jl ^-i^l (j-a L$IuLa_>J j i a llj «1 .uLtiajiJI 

.(Mo ^jJ^U ,W (>^*iJI 

:3jlj?"n,iUj 3.JL-JI . w .Utl JLaJ.! ^ 3ibjLjJI --.I .U-.TI ■ 
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J? 

/ 21) Ti6A14V ^juLe - 
2-»^>UJI cjULzJlII jlil - 

J? 

j*!jjV! j^>--5 ( _ ;r 3 LgjsIjLjtj i-ul £J3jILU 4j^jLlI! (_utjJ! Cil m (jjjliej — 

. (23) (au^tl Jib SuSLUj-^JI 
£j jjT Jis ^ 3 4-aJlieIi ljJLI 4jjjLl!I 2 , U A 1 1 CjI y-uv (j — 

^ ■ "'l - ■■ j; j-^tl (j_a 

(25) - * 

JLs-l — jimjj I J I ea « J j "'^ I ^1 (j^ j_SLa lLlL>. 4j iilj 2jLjJLC 

aJLiJUi '"'l 5-uJa3j ' "'l fl-ua (j-a L^J U, a .3J_uaTcll 4-< i ■■ I 'jtl jil ^J,| 

<_iJLiJI I JUfc j-alu I w <toxla.il (jjo j . «Lc j-lIII 4-< i I 'jll CjVLscJ,! 

3_}La ljJI 4 _ ;r 3 4_bLiILa j (_>^l j ill 4 _ ;r 3 J I j o S JLC £j\ J 

4j ^1 1 1 (_>-£5l ^ >JI <j-a JJLC £_alt^fc_) Cl* -ij** JJ^" L^J iij T *\ i^l^ZLa 

clIAJI i_lLLiJ I jujl>- I i j " I j_iLl!I Ll». cuaLUs l jls j . I j j**» 

' kla « i gali 4-ufcLiILa Cil jj j-v. J)jl ^ej J^Li. (j-a tiJJ j>_j i _il j II 

Nano-Reinforcements a_j^iLj cjLaLcj - ^u^iaj 3 «uib ^Ij.^ 

(j-a I gjj j Ia ■ t;r lc L^j^j CjI j j j -»J I i i ll"i Ci" j"t I Jl^_J -(_)-"l i-uVI 3jsU, 

£^J_9 '(J-uLj-u^I S^La jj- 1 ut»«J 4 _ ;r 3 j<sj=j>JI Oj-lj^ CjLljUjsJI t^^*-^ 1 - u - a 

^_i_ul_LI i i^'s i hJ)j.£Ll]J 4_Iaj_ul 3ji^>. La 3j^aa-a ((( I» 5 — 8^) J*C i"itl j^psjjLJj 

^^jia^JVl 2l^I jIa (j^s 4liJtJ Scanning Electron Microscope^jj^SLlV! 

' (3) ' 
3_i£IjjJi.I dlij i ^Uj~j . ' SiC o^SLjIj uJI jluj^ (jjs cj! jjj^ej /«X. jJ.1 

dJJj£j CjIjLluJI CjI^j^cjs CjI£^oL 4^,1 i i^-> L^la i3jJij(ILo 4-t^.l i i^-i (jlalj^l 
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Al *d>iJi iJUJi Sau SiC 




JJLclI 4£-L.i— ui 2u_ mLmVj SjUI i— J La t-d-JtHj 4 S\ j-ua ii\ a 4_Lutl ^j-jj^gfJVt 

Jj^JI 3 a j 4 DjLa ^jJjZ J J ua->JI ^j-b jJu ^J-U jjj iS-iMuaJt 5<-U<JL-^ <j^5LJ.i— uJ t 

<LcULua LjVL>i_4 ^ya^jjST uufcllj <ujjd,l :; ■ -U" u L^_LlLj U iB^M^oJI^ 2l*jL2XI "iuJLc 

f2Sl 



(jjt^Vl j I j» ^jJ! S J_jJj ( _ t j* «Lj^l^pJil jl j II (j I i l_Lo Q^juj\ (j taj j__a 

i_^SLI! jo-l ^ I «£a .3 Sj^tJJ dlLie-a jJal^JI ^ a I - p gali 

n 8^ 

Jilj^^T jT (jrujLa 3^a (2)La r J £jL»JI ^ ci^l 3-uJjJI 

(_£j_L*m jl uij^l cdj.it jrp- i/»^ <-3^T 5 <j-a ^Jl J-^-JJ 'cSj-^ 2jLo 

<_jjiaJI <_J1 (j II jjVI cliLj-pJ 3-L».jL=>JI jj liiill iaLUsI (jf pjj SJI 

j' 

5 — 8 J*C i"itl^ CjLi2jiijJI (j-o 4jjL«j>.j *I_ljJI (jlslj^.1 j> Jiir" i n U t_!^iaJI 
fj o La II 3jLa ijr b ^l_t-£sl o±y>.£A ^-ol^i* ' ' *( (( * 1)> 
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/V 



f 





SBJ- l> *Jf *«» 



io^ 2002 



(^yLi-sjJl »Jl_J1) ^^-Jl gali 
Aji}L« 1287 4Ud 



j iTi't JLi a JI (j^s-J j-a I 1 1 »j (l) J'* ititl 3jj inti *i_ u ajj :(6 - 8) J< nitl 

u^JJ^ La^_j^>o lJjI ui 1 ^jjJI 'A . ^» ■ ^» " 1 1 4 t. o . l jJI CjL-jj^jJI (^i \ ._2*>LJt£ 

□ 9 J_j|jVI i_jj_aJI »1 ' ■-»»' d_i^>-l j', a 5jj ■ a 1 1 js—Ji-^jj . ' TlSU I I j— ±1 

(^j-aa^i)-^" mil L-duall 3<m 1 11 1 2uSLoLSLJ.I u^sIj^s-JI p* ,n-»~t 'A ^tAjti 
Ijuk .^j^Lgij ,7,r tjjtill i^^ail j_« >fi-Vl jjpi liU jj £ ~ jl\ < n t mtl 

tjjdl (^JL^L) 1— ie*L>. ISLj 1 11 a (u ) imTI ^3 ^L^Ij^jjjjlJI 3j^uaJI <j-i*j jtj 1 oJLlj 

^yit <sMc5 J< i7.ll ^o^jj^-»!' j-'j-pj .^9) L-jJLaJI 3 aUxaj Sj^j Ali ^UiHVI 
. JjULa ^4 i^-4j0|j^VI pLli^ll ^JJ p ^"1 1 ' p^jIjLS C ljI JJij ljjjiJI J 1 Sa^ 
u-^J ■ l-j^3ujl>- ^JJ Li jJl ia!MJ>JI Jl jlL«Ij uJjjlJI j^Lill 3^i3 J*>L>- till ij 
- -1 1 ■ aj I ~A£.\jjuo jjj; JLnuJ I JS iUJLaJJ I 8 ; ajj I lIUj ^ L> i IS _ui2 i^S -J I 

J-*" 'i' Cr'] ^ c?- 1 -" (j. ' "l-lll J^»Jlj w ^LaJ CujlS jl 1 -L- jj>J I 

4^1 iTmTI (_£JLa tjL>«-u3^j ^jrGj^uaJI LUS (jla 1 1 »j ■a'* j .^j*>Ld1 j .tir ( j^l4L»«JI 

.^JLuaXI 4_}jd&j 4_b££j 



j> <J!uiLI , (27) .. .. 1,^11 a^lS-jIlj ^jIj^JI ^L^>JUII *-**^ 

8 — 6 (J*v i'itl j (j^i-l 1-" J-^J 4^jJa jaJ (_ilj^aJ| ^j\je cuj ■"'Ijl i<* 

j, _ . ' 
fiLa-£*l^*j>. J^-o i j (_urt_a Lo t£ydaji^ <jLi_aj 3j^Lt-£* c_J_u£*JI c_« i n*\" («l» 
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i<Lx>. j^_aj «Lt^l^jJLo tiJJ j '^j ' ^ S ' ^* 1 4-^-^I^H-a 

t^al j t (j-A-Lajv *Ul2 {j ...l'" jja j . LLu-a L; uLS I i \ i r-> j 

' " • n La — ' Lo_LLc 3jlj_a SljJLll 4-lS. ilt^jJI i_ fljj cuJI 

(j t jlj^gJI t-w , dtj .*Lujj<J! i_ a_jj ijJI JL^aj (jyic 4JLj^JI jc^a^.; ^ 

6-8 JSL^JI) ^LiZJI dio ,.,1,1 C,-g\-< \ Al, 

4_LArt_iJI ^^I^Jtl ' allLse rt £ya {yCis>-\-iA\ £ya \j-J r & Lal o", ttvl ^ djj ^ 5 tfo rt iJI 

. I j . a I ^i. 4jSLuI£Ll!U j 

J? 

iTsLa lm S^Lil (_>ul SjLa - (_JL3JI SjLa £jj ^1 Lc^>.j dilij 



(Jius id-u^jj^LIl jl^JLLi dj',r 3.3 ' »" a j 'l i ^- a £^a I gal^ (Jj .^»-^11 2 lj ^ , ,.j 
l_L>.^J^_l£jj cL^jj-Laj , JI^3JI £j a Ij-A CjLi^l^j_a £_Lt*£ajj .p ^jill 

j :r! ^j;j J>1 ^ (j^i <A !ij ,Powder Technology 

ISLJLI f Ijl^uL i 3^LUI (j^J! J^l—^a 
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<j-a I (j II 4.31 4jjJLU jl jJt.1 ^ k» a (jl <j-a («-C.J-II (j l^-j 

liiti Carbon Fibers ^ui^jj^ LaLJl SjLc (j^SLi i_, !! ^Ul 

Brake J*! j-a jijLujj Clutches (^Ljjjjj) cuIjLj uJI cj! . 1L3 jjGj 

I 't /v . MajI ^pji 3 «gll a^^.U-.tl ajiaVl Liju 10I j SLkJI Pads 



^LajjL) 4-i£Lual^j i d 11 jl ^JLl ^j-a £j-JI 1 JlA < Jl ^3 O^ 0 (*"^J~^ Cr^" 

j? jj^dUc II jJLll liilj (jJI S^Liall 3 j^jL-LI 1 jl jJLI ^Jula < I j I 

i «j I U 1 1 Lt_ij 4jj>-L>.j t—al-dl jl 4-iSL.Lalj j i (i _ilj_a i3_j^_La lLIjI i i (i 

o j-A ^ J- a-" i n" j . I (jj a i_i!ijj_ 1 _ u (_;^iJI CjI fmU'l lj I (jjlr J j i rT »J I 

3jl^j>JI CjL».jj JulC (Jjsjij jjy^JI (Jt»-* uiHll CjL^tj_La i i gaj CjLi^I^IlU 

«LJajjiil *ljj>.^M lL) Ij j? i^jjlja-ajl Cjl^j^e-a (j-a *lj :>. I JiLo i4-JL«JI 

*ljj>-? 0^"j J '(JtH* itlll *LuT (J^LlIlj l ' uaJlj Jl J aljjt] 

.oi^aijou/ui 



S-iSLlaI uJI jl j-a Glasses 2_t^L>-JJI J _all 4jI &n 

(_gjlj^>. CjLjjj 4 *j2jj^o Sj^Luo CjIj ^ c ■ jlj a ( _ T ^3 i(_^l^>JI jj— a 

jl^a SiLalsI ^ijls jj^. t_<JI^2JI jjjo selili oJJt, diLi^l^jjo <_klLjjj .Jl c 

.i_3LjVl j| SjjJLUI Jlj uil^Vl jjjs jLuVl SjijU ol ^jj^ Jla iSuJLa 

^trength at High Service Temperatures 3_l!L«JI SjIj >J| 

«ljj>.| CjljjSLo 4 cllu: jal JLitj i-u^U ^L*jJI (JysI^C L^J j 3^J La 
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!Heat Resistance Parts for Engines Sjlj «U 3 ajLHI u^l^j^JLI 

Jjlj^-^ CjLiiie-aj j».}^aJ<JLj 4 \ ir^ L$J (_^jJI CjL£_^>Jtl (^yi I liaj I J 

^^L«JI Exhaust Chambers ^.iL«JI Jlo ,^4^-'^-" 

. Exhaust-Collector Rings 



i_i3jjjj . Lo! jiitj Lc Cm i_J!jiI! jjI jii^l cjIjJLil! i_J!jja Jl*j 

Oxidizing EnvironmentsSjL^j^»!^».! ji* 
I j^J . i ujVI (jjSi ^ i ..-r uli j_La t_JI ^ja ^ La iSjJUJI 3j!j^»J! cjL>.jj jj^. 

(*JJ 1 " '"" ^Uj (*3r!-'- a >^ ' lP- 0 ''LijiAiJ! 4jjJLi!l j_i^sLi«JI i_J!jjsj jLg-uaj^U 

JlLa 1 1 i J a ^LaLc L^ji OJ^? Cr^' '"«l'*!* LaJI ( _ ;r 3 Lsjjsj-a LjLS_a J 

<LiSI L^aJI CjLj£j_Uj CjIjJiLlaJlj Ciljl j i uli i ir-i 

4_i u±j L^-JI i_aLiaj 4jjJLa jljj. i_J!_aja (j-a 4jjJLiI! ol j^IjILU i_aJGjj 

. 4-iSLLaljj ( n jl ^_a J t ^— ^J"^ j-j-^LulI «LaX. J_a j! ^_a jj_a 4_La_u_uJ 4_uu»j>. 



Polyesters ^ ^J^J' 3->La Cy> <^L£I >UI <j-a £>JI I j^a <_JI ui^2 

ILsj U^sIjLid^l (^J! !>kj tiilij ^Vinyl Esters u.\ Jji^ljl 

L-c-uljl "LyjLill 4jjjj^£LII <_sLiJ^1j t_JI jJill ijjui Ju La S^Lcj . I i j" ^ K" 

s ^ 

Jl c_<-uLjI tiiljiSj ^SjjjUJI j^JjSLIl 

SjjjLJI c-ijijLj^lj j_L«jjj . (jjjJI ^ ^P■Lj (j-a jill o J & ^i. 

L^lajLia ^Lfljjlj i^LlII ^^LLa-iSLll L^jLojJJ ilj^lajJLl ^pLlIl LJ3iJ^^ 
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J I _jjO Jl*j CjLi^IjjI! tfJLA (j I LaS' ■ i-ill g i .i^fl Jj 1^-1 (j I . .'^a £j_u^aj lJ £ dll j£j 
£^a 4 jjjLlII (_< _i_}Lj 1 4£Li T i.a-i 1 a_a ^c-C^jJI w 1^ 

LgJLS iT <_!j^ajj i«_ujljVl l£1Jj Jl^Jai Grown 3_l«_£ ^ S-aj^ lJLI 

(J£LijJI^ ' cl^-** ' **** * ' iaj I oj 4£L)LJu2La LIs3j_l>. 4_i lIj (jr^ i4j-L3e_lXI 

ijy IL>* 4 i* 4 j i Sj 3Jl i_u-a Juij i«LaJi^9j 4_^_li2j i_u_a 1 $Ltj>J I » 8 — 7 

, jl UaVI c-ijuLil 2j,<-\;,^\\ cjI .u"tl ^LL>Jj «Uajelll ajui 

o Lc U-i^aJ U d 3 1 »" 1 1 cj^I «i,! ( _ ;r a I j^kj" o- 3 ,d * - ^JLj^-L» 

AjaJlj (J^-l (jja — !L«J! J^^- d?}-^*- 
(jLfl 1 3 j i <aj i a (j 45-us> C;r Lc. oj^jJ Straighten Lao _^aj JbjjLLll 

^1 4jju! lila ^Lirej Ju3 < Ij-jU^ ' j i 23 Ljuo JiLaj i^-i-Ilj La J 1 1 1 1 ajui 

M-aiS' (jr^- L5j l5' U-"J O' i *l a U tl 1— 3j jjlj J & ijj SD 

j» jiej uU JL3 .j uiJI (jja Sj-llHI 4laJI dJlb 3-i^>L>JI 4ii!l (_>u^a! 0 3 

4- L L T e- i JI p »4!! J^c-lm (_^>>i jj-* i(Hard) «t. i * <^> » ^JlLa ^jj>.t cHiLdj CjI a K 
■pj j^t.l Ijut jLLJ (^Sj .>Lai«J!j jrtia-ljJI J 4jjl£juV! oLflLIaJI J^jJ 

^Vl J>U-lj iSui^pSLlVI JjIjJ-II 4^:1 m^i ^ - jJI ^ 

^yic. L^Soliej o 5 ^? (jUl ' Nanowires 5u^LJI 

.1- m lij^l dJJj (jjs Vjj i(«<_j» 7-8 



179 




S-cjUs Vl£ i! jiejj i jUj^I 3jj\I\ jlUat olj ilj :>. Sj-lSj dJ>1 lJ\ <j£. 

j? 

3j^>J! Cjlj Iriti j_i-aLt£. ,jjs 2 « i i a " u/! iSj^jl-cJI dJ^Lu/Vl tfjut 

(j£Ujij . l^S L ,„ j <Pt ^LJI jl ,Au .Cu ^uJbl «Ni jSL_JiJ 

j! Si ^j^SLtLj uji ^Jila idl^Lt-a jJJ <?Li u/1 j! ju-al_ix. ^ya I fl^LilseJ 4 I Lgj ll 

dU3 jt-Ll^I olSLal liili (jJI i-aL^jj .S^h^l L^Lt^a jl t Ga ^^JUJI 
. Lutj^L^ t ZnO liiijJ! Ju . ..<? Jjlj ^SiC^ jjSLiLuJI 

, ,U"tt * 

jl Sj^jLill dJ>1 i-uVl (j^s J ijUjijuSL!^! cjI cLu^sJ! jl>u ^ I 

4_uj)_pSL!Vt j jljjjlj CjIjjj u/jjIj^JI ^^-^l J £-XJLal 3 J JjJi 
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^jlajj Li^ t tij-lljllll SjlcLs ^la-m (jyi^C 4_u_ulj *jj ' a 1 I J 

~ 'LpL'-^iSLll (Jj-^' L^-^k — .'J ' 'U"'.' j' '"(" '" 8 — ") (J^ uillj 

8 — 8 JSLJuJ!) '"'l ajjj 





(8-8) jsLiii 



Sj j« i aJI CjI >Jmi £. j"'^" ^ '*» 4-aJiitj uj!\ CjIjjj u/jjljUlI I 

.Jll^jJI a^pSL!^! Sj^j-Vlj i. ,.nl^>JI ^ Microprocessors 
J^UiJI ^ i j^kj" j-ajil 'Nanorobots a^U! cu^j^JI 3j_^Li 

j« l^>. L^JLiol (jyjJa liUjj i4_uLLsj lu1\ j»ljj^/l £-a « i a j 1 1 

. 4jj_ojJI 4jjjJ j-^- ' .'l "-l' (jLjuVI 

j? 

<■ < t a\ ^j>JI ^_j_Lt-£3j ijr 3 I i j rt 'jj-^ 4j^jLlJ1 ijj^_<_u^1 o' ' 1 1 jj-a B 

.Quantum Computers 3-Laj^SLJI 
.Nanosensors Su^UI tuL^uaJllj cuL^L^i^J! ■ 
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i( jU^^U Deoxyribonucleic Acid DNA ^ jj_JI ^^j^J I JA^Z ^ 

.«U «Lulj^JI '"'l a i.aj| JUJL>ijj 

3_i^>L>JI oLlUjlII (jLa iljJ . Jji uuJI (j-a 3j^3 Jjtj 3_Lj£LU jl 3jL«il jLi^jl 

J? 

5 I ; , ^tl ,-A .U'tl ^ 3 Sjsjiitj uA\ CjIjJ^Ij CjI JmJLl ^Ja ij/i 2 jUi'.j 

LoLaUflj! jjLJI I J^J^j'^"' Lg^ljl (j-*-" Ajul2u}\ (J5I '"II (j-o J-«3 oJtieJJ 

Jt 

^1 jljll ^-la ■ ^ Sjsjie^ uA.\ Sj^iLlIl 3_j iiVl <_aji^ij . Ij^j^ 

4j ui£l U L^ajljj J^^Li- (j-o dll i ^Ja u/^M dilj ("ji ljuoj j-jjju 

CjIjJLoJI JLu-uL^I jl CjIjLuj^ jj-* La 3jLc — Cll u jj-fl c l-^Jj-a 

.JTLUI jljL^M! ^Vl 

(j-ujMJ.1 dlVI u^L>->Lii! 4-jliJjJI J£L_u>!l gtJa -"f Jla 

^^L^jj i ^ LgaAJI ^ Ls ^j-o 4j^jLj CjL_j_o* J^-a ^LAjJ-o 4 tLtlaJ Qj 3e i a 1 1 j 

0j-Os -"^"J-J J-la-i ti-^p- iCjI^Lo^jL) 5 j 2 (j-tj I a j 1 1,- a I _j| xj\ 

.2_uj_gSL!l i^jIj^Vlj 

L-i-i tjij^-ll '"'L*"» i alap La SjLcj . jJa lJI BjLoj «^LtaJI Sjl__o (j-o 

ti*^>« '4j^jL*J| Cjl_i_j_tj>J| ^.o^l t \ ^eJa i oJl ' " ' L * ^" jl i4_ul_ui_jSLJ1 
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i_SaJl SjLcj CjLLa aJ jj-tj «^LlaJI 4JLja iiL< ^j'j-^J • ^ ^LojjLjj 

4_ujjJ! (_Lal ^a-Jlj (Jj-« lujJ! i_3jjJij cj! jL^.'iM ^j-J Loaj iCjIj^LojjLJ! (j-a 

_ .0 

jI^JU cdJj ^ Catalysts olj^ijJ.Li jj-u^iU jLa <(<u>£JI ££jLS]l fJjy U£ 

LdJjj i LgjVjui^ J-^JJ 4_uLl»_iSL1I Cj^LcLoLII j J a -- i j <— 3 Jl^J i ala _jj (_^JI 
. 4_LSl_L«. j ^ ol jjjjij CJJ-aJ J? Ciljjij>JI lLIJj J nm , i " j? jjj <j-a 

^Nanocatalysts Sj^LJI culj^i^jl « 

.Oil Refining ,UA-tl oj) cjLlUju 2^» UJI cj}LcL£JI LdJj Uai 

Sj^jLLII Cjlj_i>JI (j^sl^i. • 
Cjlj-o_>J1 ^ p ^ r L^. L$j 3j j i "J^j t_>^l Sjjlj 4j^_)LlJI CjIj»o_>JI p i n**<" 

: ( _ ;r Lj La t<La^XI (j^sljjjl liilj (j-aj iSjJLiiSjJI 

CjLLj^jjJIj CjIjjJI (jat^^lj J-iSLj La i<(_JLc ^Ja ul <L>.I luju I j»~ i ' I 

(^yi 4li. I jJI .5 1 jll CjLjjjj>.j ^'j- 2 LgjLijj». J-^ 2 3Jj*._jJ»I 

<i^j|j-i>JJ dilj LgSLii^ (pil UJI .Reactants J^L£JI 

UJI 

cLlU.1 jdl i_ijjUtlII .}L*j! (jjijjLia jaSLalJI jjLJI L^>.jJaj£j jjj I 

Losj LdJjj i2JLcLilll j>\ jll Laj_t£. j^i (_pJI olJ^jJil J^Ua vZjLLJjJ 
. Adsorption jIj^aMJ a_JLc 

•-; : ,U" ti • 

L^jSJj i4_u_»_a CjVI ^_a ijr 3 4j^jLl1I ^-llj^ aj>JI CjLo_j_Jaj j t u V 

: I j Lu J^wa ^'Jl i <LaJq3tJ, I '"'l SjJalJI J_va 4jj jJa ^LajLa LiillLaJ 
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. -I a^JI 4_iaJij I 

CjLjjUI (j o L^jloAm^ A .l3jj>JI a\ jX\ _j A J^ill 4 :>JL*-a ■ 

.i-uljjdl olclii^tl ■ 

. 4jjlc.Vl Jaja. j ^Lli! ■ 
Pd^jJ^M-JI lt jrG>LJI Jla 4lulJI olj-LiJI CiLlu> iJiJijj ■ 

<L>oLi!l ^^IjjlII dllj^j lOljLujJ! oLjLtjjl ajiaju^il ^ 
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white 



( j_ u |j ^j - » ' eaJI 4 jLcjJIj *!jjd!j ' _i La ? I 

Lo^jJjJSLj Cj Ln_u_Laj^ ol al o" ftsl «L«ijl-3 

j»jJL«JI ClJ^e i-u jJI Cr^3 l J 

cjLuJlLJI £. £-* ^3^3 ^ i-iiLxtiVl 

mi i W 3jLt i ga (3-° *^-)^>^ 

C^-il^ 3 J— J JL>. jjl 3 1 v»-! I Li i-uj 

o^L*3 (jUl Biotechnology S—j^-^JI 

.a^As iu,lo ,_*J! ^l£L!l L>U. <> ^ ^ J u ^ ^ 
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p mu <_3j)j-*J,l i jj-vj-i^jJ I £jU pjLSJI • aJLsell] I I jui c-j La!i ml JL3j 

Bionanotechnology S—j^pJI j_JLl!I I j^jJjJ&j» 

sLo-^/lj *L^_lAJI CjVLaja f^yjS ^yuuaji gaielll I ;j* !l>.I l!I o" rtil jjjs Ij-JJ^ 

(_JJLa tillij ip_!L*JI i^£i 4Jjlscj1\ (j-uj! J— t! ' * I" -» " (jjs *1 j_«j£LIIj 

.S^jJtl aIlSs q\ ( _ ;r 3 iiiJ 1I1 (jjiJj . (jjJil! I JL& (j-o Jj^l JLaaJI CjIoJ ui 

JjlLaj — 4j^jj>JI j jLlII l_L>*jJj_tS[j CjLiLu_Laj ^ 3 «LaJLrtj i_aXI 4j^_)LlJI 

.Bio-nanomaterials S—j^-^JI jl_»Jtl p ui\ 

djl»All CjLaljLitj lojVI jj-o JUJUlII ( _ ;r 3 J^>.jJU I j"l A? SjLj^S (j^al^i. (j^a 

JLil^j i5^_L>*VI d o -»J1 CjIj i i uli ^JLo . ^jl i_u_)"^M d 3e i ga 1 ^ A I t, I 

Cr'! L?- 5 ^ lS^' J -3 A<~ I , ^ <i Ajj , ^< j|j I,| tiJJtb ( _ ;J IbtjJI ^1 «J-&VI 

CjLl j -l tw Jj-iL^j p_i O -o* i 1 *j j i ga >i * C?"^ 5^ jj< CjI >.L>u J3j^ « 

t^Laj_)Lj 2 I I t-» a T _}L»_)1 ^j-u-jjLAwo stjj V L^-La pj?e_>JI a j j t La 

<LLa jiill 2 11 . Ali 2j^>J| j| jj,l S-aJs ( _ ;r ic I j j L^LiicLa S^Lj "u 

.Bioactive Materials 
10 (]^c JJjj V ( _ ;r j>- (j jl£ (_gT Lj^L». -iL*jl (jji-uLSjo (jl a p U 'i I «£j 

j_u£Lj L&jIjljT (J» L gajj 3.jjL*j_a *ljj>.| jj_ i_AJLjj L^jI VI i Cj I^ILa j^£Lps 
s<_£jj>. (JlLc iCjl^ILa^ju d * i ga ) ^Jl i gaj I ^L<5J)^£LlU i h a 

oLl^l L jLLa: t j!'^p-i 

.Cj|^Laj_)Lj g| i n o ~w J^t-J ^-Ij gLgj& rw ' ga 1 jJI 

^j-o si [3^>- 1 (^A^ C?"* 1 ^ ^ tl>^ ^ * ^ ' ^ ^ J^Lsej jO^oJ^-ljJ I 

4-ul A" »1 jljjo JUu I j aolieJ pjj (_yjJI <j^jl_Lll jIjJLI (jLa iSjLs-ljJI «I jl-^.tl 

4-iiieJJ 4jjSLI,I Aj j » , ^ II sLl^^J^jjJI Cjuj^j>JI tillj J ^* I A" 1 1 «L, uil_Lo 

. Cj l_Lu Jj-jJ I J 4j^ajJI (_p3Lt>.^/l (JlLo 

.-■I A j ,1^," jjLlII Lij>.jJ jJSjj p I *~ S jj j LLa * II Ijui (j a^j 

<ij^j->JI CjLJ-o-tJI j (—ajLLijJI 4j^Ij_«j d LgaL>JI 4j^j^>J| Ljj>. jjSjll I 

Cj I^j-jjljJ I Ju-gaj t L^jI o t n ga j"- duj^ 3jL>.|^JI 4_i^>JI 4_lL>JI jJA^Ij 

CjjJu>. ^1 i La jj j A . LglbLi^l (2>c £L<u>.LLIIj I j^j I ^JjLLaJI 
_il j oli 3j»j>.LlII CjI 5jj Lalll (j l 3 I jj i L^iLal ■ ■■ A'.l J L>- 
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C;T ic. L^jjjus (j.-iSj (j^-ijt: JujJI j ^}L«JI S^jujeH cuil Sj^jLiIl 

jOJJl2jJ 4-lL>J! CjLjj_^>. (^jJI Jjj^>jJI j p i .i ~^JLi 4-<->JI Lj!>L>JI Jjl^ii.! 

J> 

L^jLjjSLo ^4^. i_3jjtiLI 2 ?ir°ii 2^uljj 3_pJI L>lieil 2jjSU,l 2_uLl*jSLII 
4jj iiijJI LgH5-5 ». ^^llJ! Sj j ta 11 aj-$l Lt j >LlJI Ltj».jJjjSjj ^ Lc 

Nanomedicine j il_L!! i_uU ^lU,^.^ 
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jjJjtlLj La (_J£^ <J_<a lTuTl! ^_)Ll1I L_jj>. g* 1 La ^ Cl>j *^ ^" 4IL) Jljs. 4_j_lLs 

c\J_AJl^ 4_t-L<2J dJ l_C l^_xr>* 1^ u_jl^L_C UjI ^_iJij2_) Qj-lU! Ijuk «1 llju Ji_La 

£j C ^SLJLI <_i i_u-CJI_J isl_JjJI_J ' _cla 1 1 diVL^^a jeli 

j' 

2L5UI <j£ IS^oJlL^Ij ,2007 ^1 «J1 J$ ^LlJI L—^y^ 

jLlLo 146.4) a^LUI 3>*».Vl j -slj-JLI 3_J£j*! cnU^I (jJU^-l ,>« 

p j ifrLaJt, (J-ai-? ^_oju iJ7 ^ cJ-lc-1 t^lLal mi 4-t-Ja Sj^J ^^j-I! ^sJLstJI J^Jaj 

jj^. __j-SLj_L I ' a ifuSUl j -"j'- ~tl ' " 1 1 j * flj ^Jjiaj j 2 j ijl ^"tl ^>L»JI (ji^^ 3 

Ojjaj ,JL*jo ^ 'a 511 I j a I SUl t £La_uJj i4 j i^Lll Cj^i _u!l 

^jl£Lxj| ^^jJS llLoj S^j-lLo il-t Ij flla 0-5 5i>. d j^jl>J*I ^jLlII 1 .o* 

4_uj (_}_lL>lJ ^ (_^>*1 ^j-a diAIa J I a J < ga ^UJI 3^_^>. 1 «^-o Jl2_Lo ^1 j ) I 

- I i eac | d_Lj>JI I J^L>JI clbLxjj^>.j CjLjjSLa 4_«j>.L^J, I giCJ cu3 (jlll 

^llul SjaljlJU jj «a ? Tl (1—9) (JS dA\ ^Usjjj . j« cxi^>JI 

j? 

(Jjla Sj^JL>J.I CjI a-Ui! tiilll ^_La ^JSi jj£i cuil 

^1 Lfls.} JlC (J-^3J Cr^" -3 ^ <»"gtl Cj^l^jJI j^lj^J 2_jJ,L«JI «I JjJI CjL£Cj_uu 
( a_L<a-LXja 2000 ^L*J*1 jjja Sj luill J^Li. S«lj_i 400 (j-a c—SjJLj I a 

2008 f L*JI 
190 



108 




JL^^^^lall^jj-'L^VlCiUlj-J^ji inti jj-all^Ua.] : (1 -9)js a 1 1 

-2000 

Li3^ L-jL gSU I l_ub lJiJJ^ 'AU ■■'j * bis l^jj ^ J< itiTt *-aXt) 2008 ^L_sJI 1 a u*u-l» 



.4jj>J! I < SM I j^ii- cjLj^be^s £_o Jb.'^"'^b J cLaaJLi L^J ^ i L^a 

tiJJj I ggj . .."Cl ( _ 3 jJI lajJtil j^lc. 3jLjj_iII CiLa-i^aJI (jl ^Ir Jj^Lj jj-ujJj 

Jt 

J5I ^^b-H Jok b.:. 1 ^ '"'b o-'i *— '-^ ^ Si=m Sj^jLiIl jljll 

qj* j-jjSLII («uji^j (j a j3SM jJLi! L$J q\£ Lt& \ax-lo1\ 3 auLlUj 3 jLc-j-M 

4j121II djIjJLlIl 3>c. j ijjjLfljJI t_, kJI JLa-a JjlS L«-a SjjlSLliVI Jj L>JI 

. *l jJI <jx: • 'a ifaSUI J <_)-a-<ic-<ii2ll ^ 4-ajir"ii,iU 
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i UA^j~< fjjjutj "^p- i 4-ulaJ I Cj^LaJU ^sjt\ Jl>-I ^LjajJI i ■ La II Jl*jj Ijui 

tjjiajJtl Cj^Jl>. q\ ujj^\ «L»_ua ^jJjlII £y\ Lga3»l flJlj ^LlLs^I CjljL^_a 

i_al ni'v" i ii^fLi 4.21*1X1 4-ulaJI CjLuajjajill 5-aJij-" m U 5j^>-^fl j j V t n"t 

Biomarkers 4-jj.oJI cuU ilSJI j^^j J%-±- o^J— *^ 

.(^^jJILi AliLual w ui aj ^1 LJLc. i^Jp ^ t n-»JI 

<lJLc 3J^>-I L^-ti! ^ jiitj oj3 3-ijJI 4-JLc d j ' ^j"- ■"" '-LsLuj uil 

*Ijl>.I 'j* • * • a 1 1 J-^ (j U3j-»U jjLlII Lt»._jJjj£j Cj^-IjI Jl3j .4j u<Luu»JI 

j-J^JJ Myj" i il a ^^jja J^LStlll 4-LUlJ 4jull« (AJLlSJlII «LuJaJI (J_JL^sl!l jA ^_y3JLl 

!<£u j» jJI (j-a 'LiL»-I «Jls-Ij 3j_LaS (j^a ;&3 (J^L>- fUJ l£<jJI ^ jJI ^ jj £jli!l 

^J5cj>. 4_4^ejs* m£ Jml) V j-ljl*-£> jL^?ej ^ 1 1 aj rt 4_u jj^lSJl 4^tj^ uj Cr^" 1 "! 

Sj^s-VI o jut Jila £jluaj j»Jl211I (_JjJj j! jty"iill (j-aj .JLllll i_j jL^II 

Injili *|>>-L> 3 ajaibi J-iJbelll Jji lili L^jLal Jiiej uil 4jl3j SjLjj 

(^1 JjJI ^^LlII j»Jl31!I (_JJ^a «UuLlaj i4u£ «Lclj-lLl (Jj^'i i njlj£JI J^>-J (- 1 1 n 1j 

.^^LlII 3jl3 JI ^Ja J ji-><J *lj^>-! <J^^>- o- 3 L ^-'- :i i o-",!; O-* 

(j^i tiiljj 'JJ^^I (ji^- 3-ajLiII (jjiAjJI l_lljj uJI J5L>. I jufc ^bj l^j uij 

*l3tJj UJ (Jj-^-^lJLl J_Ltit_LI)) ^ Uji t JJ^ (3^°^ 3j J * I ^ (J_lL>U 3j-^>.| (J^L>* 

jcjI j i (j-a i ^«t^ ^jjlL V (_g jJI oj'n^ ^1 IjJaj K<Lab-on-a-Chip 

(J_lL>u Sj^Ls j-cliuj .^«f» 2 — 9) mi II ^_Uaj_a Li^ iUj^_t_uL>JI 

jjJL>u (jl i_ujVI jj-a I Jl>. Sj-uu-ia 4 ijr Jl>.1 (jr^ jW-?^' ^^-^ (J^->- |*^l 

^-C-l C^l>- ^jjJLa^j^-La c_4_ulj^l jj-a gj^v i mi \ J i gaj rt J jL^>JLj O-lIa tjlj^>> (_^>*l^ 
2 — 9) (JSLulIL) tj^-* J-^ t fft-lalt I ^j^a^&AJI I se c 1 «LLljlII L^1>.IJlj 
2-aJiiej uJ,l jluJ>.VI CjljLij (j hjWIjl^. 2^.Lluo CjLiiflj ^.XajS\ m, jJsj 

jui («i ^Ij iMicrofluids MjjisjjijJ.1 j^ljll ^ J^. 4^Ll!l cjLuLUJI 

jIjl>.I ^1 \ — ^3^"' «Ui-lUo 4jjJL«^SLl4CjI ^jJI jLl>.VI (Jjl ^_(_0 
I j Laju L^-j^j^Jjl jjjJI ^^>- J-cILtJj^ylll ^jj»J>J.li_iljuIIitJ,l 4^.1 i i^-i^^yaj-u^^JUij 
Mji j»l JLjeiul (jjj (j^j jIjj>.VI CjLiiLiii «LualjJI 4ji!i"tl (jji ujVI (JjiAj (J^ 1 *^ 1 
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« Jj^ft- ^ l U LjSjri-w ^jjJlJJ 3ji4ua jj-y (0 ^ :(2 - 9) JSLuJI 
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Lj>Utj L$J}Lv!j S^uJlSJI tfLj>U. j^tiij 2JiuJ J£ ^ jLoj^l 

Lj^LiJI (J^ '*JLA (J5^5-VI j JJ-LStllll ^ jl 1 C *LiM ^iJJ C^O. (Jj^S-T «JlJJl>- 

oJIjLa 4-i-Lta i_SjjJaJj i^J-lLSJLi (."i i njl jLo-I Cjjijej Jl3 <b I V! i4-u-UJjJI 

Genetic 

i JlI_P j I V ^1 Sjl_jJl>JI Lj>UJI (jiuu o^Lw <LLc ^«-jtij <Mutation 



i«JljJl>. (JjLS-Ll L^JjJljJ -iljJ.1 «LajjJjJI tfL^L>- ^0 .-ujjl J Jaij (jl jl 

_jj.II JjJljIII j J^La-VI CjLlLoC 4j_i£.j t_>c «A^uLill 2 K mi U Lui (j-a I JljJJ 

4<3jUI .p , ,i->JI qj, ir^U 3^U;tl dJJj L>L>. ^ 2_ul_o i^. diLal uJijl 

mJJjuj V ««LliUsj uj «jJj» I Jl£J 3Jl!_i^ i4j__-l>JI ^ liill JlC.1 _<l3__i Jaa^il (j. 

SjijJ.I 4l>.jJ,l lLIJj L^al ju£l L-j-LaJ 4 Ijlg dil^Lajj^LjLa «Lsuiaj 

«LuLIaj (-u L)^L>. 4jo£La ijjLdjj Sj^aJI tfjofc j o n La (jLcj i-uj i4jLt-£>VI ^jja 

l$i 2L»i.bi! LMJJI ^Luj ^jlj-lL <___!£. jj>^JI Uj^li jSjj iCancer Cells 



.(3 - 9) J< .I, II Jis, j^j^j ler >LUj-^ Tumor ^ jj ^1 SjL^ill 



(^) 

• jjJl iu^ 




bMjJi LjUl.iiff-ib jjl>. ^iliti ^jlisj^Ji ^1 tU-t»- 4 (3-9) JS^JI 
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2J| i ii a JutJ «LlLi-aVI (j-a Sj^LaJU (_L^-IjJ.I J^Li. 1 j"l ^1 , .. ^ .1 j 4-uLtaj_<jJI 
Sj-uLi^aJl Lj}L>JI lillj (jLa «j (j-aj < L^al mi"i<I 2-aJiiej cuil 

V iiU jJ j tSj ga-Vl Laj £jL>- S^Lc (jjSi L«£ 2 < i<il jiLI j Lo^s- 

j? 

. l_4iji^>.j 4 j i n t doljj cjjjlSjj jua O' i ^ lJL 2 *1 ' * tiJjjLj 

4_a^_a 3 (jLIa^ i n f I .J*^- 1 -^! i U .",.K 1 1 £j\ 1 1 \ Cm «Laj $ 
' ' a u'SLi V 4_uLLsj_<jJI ^ljj^/1 p la » a (j' (jjJJ Ij-^ 3 - 1 '^^L*JI «Lu-uL-ul j 
<i <i -V i^ j»L*j>.| L^-aL*j».| J i taj LaJuLc Sjji-CLa diVL». t _ ;r 3 VI 1 J Ic 

Lfejl m"i 1 1 (Jje ali i "I id_uLLaj cuJI Lj^LiJI (j-u^La SJlC (_£_jIL>u 

.p i n-»«JI ' *' L ^X\ J -^«N i 

3ju>a c^l aL^aJj SjljJl». I jaLaT ^jLiJI I jj>-jJj_&jj c^-Lj! j 

0_a «LaJualLa 4 x3 <J^L>. ^j-a (jl-^ 2 ^ .J*^-*-^ (J ^J"" Clu}\ CjI jJLaJfcJ 

L^k: jH^j ^pJI Nanocrystals Sj^LlII cuIj^LJI < ,_uL> i_a jju _>l ^JU 

Jla) ^}L^3jil oLc<i^ «Quantum Dots 2_l^SJI JaLiill 

^rl!! j (Lajt> : ui.j iCdS jjril i n ^^a^LSJI jl CdSe jj ijl < n ^a-uoLdl 

tillj ^L*j>.| (^JiJ Ij-Iaj j . I^^Lajj Lj 1 Oj 2 1 >.j LLa a I ^jlj 

L^Lijj L^a tajjU-Vl Sjj II tiJ^J i_u tiJJ L^La iSjaJiLlIl iZjIj^LJI 

i^j^-S 3 J La ^ I t ili 'i * V i 5^_j_a^_a 4_jJ jj i^> ^_a j i ga I ( _^-£sl^it_l ^ j_a^JJ 

J iiaal d-jj LaJ o^=lj i- (jr^- (Jj i^-oJI (_L^-I £>a j . Cj^VLuajJ.1 o\-i iiV 

SjuiuJ Si^j^^jJ,! ^IjJLI <jJl^j p o i n" 1 1 p i n->JI Lj^Li. (^^jju ^JlC (jl o iMj 
^^Jj^/I ^ ajJoJI i(j-CL2jlaj i ajjtlj SjjjLlII CjIjsJLJI CjLtjL^». t4 j o i,n II 
w j 'a 5-i-L.ije-U 2_l»-jL>JI 3 ajlaJI Lal iZnS tiJjj-II oljLjjiJ lji (j-a 2jj£_a 

.Si0 2 K.l.iiitl S^La 

Lj^L>JL sLi^L>JI a \l i V>t I ^| , ii-wVl PEG CjLLu^j Jjjijo (£^1$ lj-4 

— j-lmj (J^j Lilaj^i Lfc j j i>i-> o pjj — d_uLLs j_cuJI 

t l jJ .3_l>.jL>JI I /;-»U , „f 
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p i ii -»JLi sLuLLsj_<jiJ! L^L>J! jJsl^a cjLljjj>J! sLi^jj jlJujJ,! jjj-j 

p i_u»*JI (_j-£ajj-*j JLulS tpj (j-a^ 4j1 l&X\ Jr££- L)^j>JI a Lfc^_i£. (j^-S 

J j U » /i ^_ii^l3 4-uLLsj uJI Lj^LjJL 2jjj>-jJ,I CjLljjj>JI lilt 2jLjJ ( _ T ic 

J' 

£JL& j 1 1 ga £_L Lvi (j 4 ll i ga T 1 j ,,-,.11 > L^jLJuluI^ 4_uLLa^ uaJl 

Molecular Imaging ^^l)^-" ^-jj uaall ^ ^jl23 jl ^ jjVI 

■ a .*:.<tl ^ 4_uaL>. i^jjJI LULc a J g mi j i^jJ! ^SLJLl i_i ui£ 1 1 

. i_g jiJI ^ 2 >£j-U 2_uLLa j i uli £^c. 

JJSj 4j^jLj cjI ±±±>. (j-o ^-^j-^' ^. j-LaL2j>JI jJI j ' i — 

20 

*U-oL>J I «Ljo-iLcJI .il^JU p j i i — " pj JL3a . (jLoVIj 3* LoSLIl cij-p- (j-o 4 j xLa II 

4j^jj>JI cjLjjjjti! d a h ^- 1 1 ^L*->.^/l £. o ^«^Ljj j^al 5jJ1 tiJ fcj 

i^jI L^/jj_ul!l j-a -p •■■r tl .' ^ j 1 1 Biomolecules 

s I .i! sb^jLjJI J cjjuj p ■■■-«■11 L^J i— iL aj Lj_uSLJI j 

jl (j-^. (j^. ii-V"ill 2j j^s I ^ -r i <u jJI L^aL=t^l j i^£> (jlc i I Qja\-£ja 

ui».! (^f fjLSj (_jjJI -p maJLj Immune System 3 cLUI 

^\ <_o^-VI aj_j_L5» 4la ijiI aj 1 j -i a» 1 jjj 1 golg a 3 'j^ i4 jlr 4 Lp"- 3 

£y» iUAJI iiiJj ^ uJLI j»jlSi!I j_aj . Antibodies 3jI 

^jLiJI \-l>. jJj jSu i ~ ' 1 '■ Sj ^Ir 3jlaIl»J.I «I jjJI 2_cl_Li*£> (jLa iS-i^jLll ^1 jJL! 

^S^ojj 3ju_^3 j_LaLiCj ^JJ-^I p-iJ^2j ( _ ;r 3 3^_l>.j SjJla JlLo ds] Ju Ji^ 

:2LJtUI LjljJ.1 

(3) 
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jj_a ^IjJ-II (^SL^-i <J^L>. jj- 0 i-^-J^j i^ljjJ! d j o 1 1, d 1 1 .n (J T *J-aj — 

.p i n-sJLl ^jj>.t CjLLi^t_a 
2 jl .--II p i n->JI Lj^iiej «IjjU 4JLhA!! SjLil J-JJJJ ( _ ;r 3 (j\ i n-»«J — 

jj»i^" (J^Li- «.I jjdJ 5JI ^£Lj*IlJI — 

4-JLl3 2_ll jj ^rltJ La-a I 3 n 1 1 U , ,m<!I L^a j\ La5? 

diLcj^JI _i JLC (_Jj12j I i eaj Ta i*Laj^UI * I jjdl Aj^^ *"*•**' 'S I Jjdl 

J? 

(jl cuJ^U <U uiiJjl 9JUJI (^lc- Sjjjil 4-ulaJI j jjaUjjJI J jljj 

^Lo^JI cdl3 A^LS^a £j_ Ijua. Vila <_>l££VI c^b L^ S 

J? 

i—Sji^JiJI ' aluLscji ><J (J-ojtj! w S jL2jlLI 4 i^SLil ^ i tl 

3 j . . — » 1 1 J| i-ujVI cj^vLSLj cjL5jj^>- j jJu £_^c 3_iLc 

LlI I Cj Lj-lajJ I (J-o-*J J i ^1 Ha ^_i^IL! I 4-l! Lc ^ 1 1 -->"■ 1 Lia iIlJ 



t_gj)"i i n a JlIc L»jb ^ 1 1 -->"■ 1 Li^_i^j (_)-2j tiJJjuj i L&jLua^ «ijaLclj L^JLa 
^IjJU Jl JlIcI j ^ j i fl lll 2JL>JI CjLjj ^ "*•"'_' Lcj ^J-ialaJI j_ifijJi!l 

aJiilLi .^"^1 j<clj (_gjJI i. iih"i<1,I 2^ Lili (jljL^a (_P=>I i. .jinU HIV 

jl ijla (J-tlaju Jjj^Ja tiJJij i AIDS j« i-uLi ^-kj 3 j^_lL>uVI 

(j ojigj V »1 i^jjtl j»J II CjIj^ Lj^Li. ^^1 tfjLii J-j-aj 0-"JL> 

t_tj^J 2_ajiieli cuil 5-uLlo-iSLII jljj.1 ullLijL^». f.\ j i ir-> 

UJI 2 J; Utl j_;SLl«JI 
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J^l ^ tlilllj i^^iajjJLl * <J^I-5 JlJtil s-J^-H ^1 4 1 w^jj *Lj£_uL£l_Ldj 

c-*j_*Jl!I ^o-iia IjJ 1 4JLu^t_d 4_u_iL>. CjI^_uLj (J^Lij cUSL^-o 4 j-Laj 3juq 

ta J-L/^a^ILi 4_tla_« 3juj_3 jl£jL>.l ijr 3 ^ A h 1 1 jVl CjL£j-*Io (J-u^Luj (j I 

<Jj_u3j 0 1x123 j^jJ-C CjI^j-JuJI lIUj -i gJ £)fj ^jL-u-iVl Axa> (J->.l_l s:ljjJI 
Jjuj . *t_o*.jl]l ^ <JL>. j| oj- 1 L*- 4 

SjLjj jl sLljSjj 4JL».Ijl!I 4_uL.t-a.i5Ll I jIjJLI CjLjjjj». 4_i uu SjLj Jjjj-L- 

4*m i i ii 4 1 1 m ( _ ;r 3 -oLj (jjjjj Ijui (jV i ( _y_sjj_U L_-L_3L*_b < _ |r IlJ I 

. 4_*_i_-.j < __■ 1 4_i__ ^__Li Lx-4 

j_lsL2j«JI ^1 j i " jj^j icul ^Jij-" 1 .i U w uuS^JI (Jj-»-U jjLlII Lp-jJjj£j Juljj 
jjjjia -dJjj j-jJL> (_£_j-i_>JI l_4>j_-l jj 4 j 1 .n 3-iLjj (JM*- «LjjjVI j 4-uIaJI 

3^111 cjIIj^j». J__Sj 5 jj-SJ! j^j 3 lfU-41 iDrug Delivery «I 
^L_u 1__>j_i_- (jjj p i ii -»JI Lj^*- Cy ^ . 'j*. 1 cr'! *' _$-*■_! 4JL«jlII 4-uLlo.lS-II 

Cj^fj i .h'C ^l-jl j j" j 1 1 --- («SJJ '(Jli-ll (Jjj ' " (jK'^ .4jJLaj S^j^ J^f (_y^J 'j-"^^- 0 

(^k. Ujljji^. ij^i>^ ti^p- Porous Polymer v^>^' cjIj^LJI ^ 

j ' a» II ^1 L^J J-i-aj i .i i^ll tfjuk (Jjljj Jl1^.j . I J la- 1 ' j S ijijJ 

(^Jl ■>! mjjVI ^ Ijljj <Jj uuSUI jLa l? <s ^>JLi <l>.}Lc jIjJLI j ISU I _jt (^ial! 

SjLll Cj\ u i^ Jij^jJ IjJijj .j »_u£sLa JJLO-al CjLxj^j>. ^1 Sjjt 1^1 >.] 

3jL3-l j 2>j=J V nJ^Vj uij^tl dJJj uij Ji.1 J *i Jjil ^LajSJI 

TilTie- mita 4j_L«j Cj^Jl«_4-1 4-Lai mXI L^L)lit_4 t j- 4 (j i ^ '"j * M ' L^lj 

1 «ji ^released Drug 

<_3jj<jj .CjIj^ 3jnJ Li-ajJ I JJ^" 1 ^ *"' ^^-*-^ *J>^' <4_jJLo^_I1 3jJ,l (J'^is 
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(^i.inUI (ttl Jijj-uV! JljJijJI JLu-u£V 4jajl_cJI iZjL-ujJ! dit ijj>.T JliLoj 

*!jjU SJLnAlI SjLll CjLijL^s. £-a I j'" £ Lj-ijj 4j i-uj lLi1> jojj (jH-I! FC3O4 

. c_t_j^pJ! i n a t (j-a ^ * ' ' rt 1 11 1^ ^Ji-I.} L*_a I 1 j *-»- q£a i^t_L3eJ 
d 2 La * rt j^^ajjjLu c_< .tj-LaJI ^o-d-i 3-Jj i_uj£LI1 0J-$J ^^j-iaJj-U <Jjl i3 _}j 

jjJj ijjo-ujiSLJI SjLS d j ui-J i j j i 1 r-i i^JJJ j» I J^tj i-ul (jjj-Ls di! 

cIjIjIJIa! LgJ I j j,, i a t 4jj , „j<tl Ji-IjiJ Sj^-jll 3j 1 .ijULlUI oL-ujJI (ji^. 

CjL^tiflJI (j-a >JI O"^ SjLo '"'l .'J.'^ O"^- J <JJ> -^ 

» 'l ' aa 1 1 *j^?eJJ £_ tJ^aJLl 4_jl^t_a <Lulj^ «Lcjj>. ^q_)JJljj < u i*C U 4_j_al uA.\ 

^ SJljJijJI «tj^jLill jljll <j-a JJlC Jj-ALj i4jjVI jus ^ J-aJ(JI (JJjjcjj 
Lj^L>JLi <U^>LJJI (jr*J J ujIj ljjii<" CjVL>. J^^-C 1 j ^j^j" f£n 

jJ.Li jl jJ.1 LdJj4c.!j^_i<u^>L>Ji ,'~'l -» iVU/~'Vjl -.1 I r.^t^-^j U (j^j 

J I , ,1" 1 ^ ^ j-a JlII ^Laju I j-^-L>JI fcJiieJ (j? ^ ' lg.aLau.lj < . ^ (^k. jUj£.VIj 
I Aj J^*^ jj^j " ' II U^La-Jal ju-ijjlclLilSLll <Xa-^JI Sjj x " d ""^ -i ""'j"- a IN > (j a 

^>Lc (^k. 5 jjuUI L^J Neurotransmitters 

4jjjLj cAj-Lp. (j-a i_kJGj i _^ T ZLll j <(j;j-aju1 Jai^IilJ 4jj LaJI '"'lj ■ Sajej ■ u 1 1 (j-a 

i4cljL>.J (JIj^JlII ( _ ;r C.LaJu1 j^>.L>JI j_jl>^*-' *J j ^ ^ jj^" j «-uaJI «LusLlLa 

^-aj-JLLJlIjJ-aljtlll L^J^_uJ I 1 A ><A 'Jjlj <Ii I Sj 1 iul^ II w lj loI ■ "' 1 jaJut^ua* 
■ (jja.ljj^. < Jj.jLj ( _ ? j.al 1 jj.a ( j-a3j< i^->j-a5-ll!a| lupjljjj ij^aJiJI CjUaL>JI lLIJj 

jUaj-mJl j->. jj 2Ljj ui itl ^Ufl : J*' 1 UI t-lla 

(jlaj-CJ 4jL^>VI (j^. 4^j>.1_lII 4 JUJI «La^JI CjVjjla Jy^Lj i_a ljjJJ.1 

'L)! Jl) Ju_a^,_A La^ Ll^_Sj 'j-u^jwulju jl ^ > h"kj (^1 I g-iLc l^Jaj^J (jUaj-t-oJI 

jJIjLa t __jIajJll I JuL jjl 4^j-«_a I 1 iaJ| Q^>J.! jj-aj -^'11 ^jj-SJI (j_a t j_u_aL>JI JuljlII 
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.2LusLU! JjJlIL cAjjajJI cjVUJ ^yKIl £>«j=-U (j- 3 25 <j-a ' 

j? 

«Lajitj — tuli 5-jJ jliVi' l JjjJaJI jLa jji La£La .(jlajJll (j-a 
(j-\-s.**>L«JI (jj>i= Lalj 'er^'j-? 1 -" (Ji-Jull (jj>!a (]>c. (jt Lal 4-liLUj 

. Radiotherapy ^U-JlVI jf .Chemotherapy ^LajSLII 

4 aji i uli 4je-<ju^flj Lj**vL>JI (j-a L&j_l*j CxJj_aj") La I j! Liiljj SjIjjaJJ 4-u-ul < n-v 

4-u^>L"»JI l£JQj ol 't" i nl (jjjLjJI l!>2-!' 'i* J- 3 ^ J' JlI*3 1 1 jj . i ""vJLi 

jjjO La iL2jaJLa tfj^li jjl 3. ^Uaj uJI ^JJ-ll ^ ' "J^H CjVjLa-a 

«LcLUai-l (jj/Ia (j^. i-dJjj ,5 .1 I 5 S La i ' 1 ^Ss Lila-a 4jlr ^Lt^aJlj < ut>JI 

4jjIj^>JI Sjj jllIL ^LkJI » jojj/L t-kjju «Gjjl». 4j i 5** clLuj/I^j (_jjIjj>JI j_ud! 
,_LaVl jjjs lj_u£ 3 uTi'iW ejjt ■-■ U^-t j_*3$ .Thermal Ablation Therapy 

SjjLaJJ 'L*^! "J I Lj^Litil j_LaJiJJ i gj Lglc J^-y I a Lajl j (_j"*J! 4 ^JJ-»-'>' 

A VIj ^LhujSJI £>L*]I (P5j>1p JUJI ^ U£ ^Luall L>LklJ 

jjja t lu I j j 'a ^ jLa-"i i uj ^^jJI iSjjIj^JI 4jjJl1II dJajjb jt ^1 4^1 i^^L Ijuk 
£^Lc i^Ss 0±a jjLlj Cjjj^lil iti^ujJI fJJ-" ( -t^3- us ^-Jy 4 jj-^ill 

*L»jj-<-uj i!a£. 3jj ' L&jjJlj «LLajj (^jJI fl-a-iill tfLj^Li. ^1 ^LZLLa 

jL>. ^Lajjl (jJJ iJjJj JjJLSlI! tiJJj ^ljii<^ ui! q\ Jl;U . ilK ^ uoJI 

4jj u CjIjjjGj «La-LS-j «Li£. j«J*-y Lajs ij« ui^JI Lj^Li. 3jlj^>- <b.jj 

jU. jj-AJlJ (jJI j! i / I*i d* U 1 a^iSjJJ La» licjJ uJ! "Lae uuVlj Lj>L>JI 

,4^jjJaJ| Jujj ^**>L»JI c_j-xJ1 lm\^ ^J-^ 3 Ct^ (j ' ^" ^ ^ ■'■^M (j-a ^«-C.jJI w ic j 

JiLa SjIjjJI 4 £3j ^1 4jjJJ,I 4 aUaJI (j» jJUa jjl i^j_a ^\ Jiitj ljIj 

J"*vLi j» ^- 3 - 3 >j oLi jjj JLujI j t i4jJL«JI cjI jjjjJI as\ j 4jj4j^jJI cjL>-jII 



200 



j_uSj a da-uaj La Lajb ->>£=JI 0 j-A j! V! tZLu^gSLll jl 2_i .j^Lil,! CbVLaJ.1 

1 4 ; 'j j£j)l 4 jl i <i 1 1 jc-*-o^JI *La- 1 u II (j_ujL>j J-^ 4 ^ 1 ^ 4_uj1II (J_al ^jl!I (j_a 
L^aUt^fj Lj}L>JI jL*jI 3 Jj>g^l / .lUa'VI jj^Ij^j (j£Laf jLui.1 ^ 2_<3Jl1I 

. L^J «Lai-Llll LOLJJI (j-a L*jjx. ijjj LjjIj_>- L^al jl^jjjI «Llj^ . .itl (j-a (j-u-J (^lll j 

jLJujjI 4 j 1 1 t n jj tZjjJj I Lij_i£. j 4-ilajJI i L-il ♦ ' allj CjLa^jtll i JJt (J^ 
. 4jjLUj_ijJI jiljjVI ^5Lc J-ujT (J^ 2 - 1 C"^ L^JLuJajj <LaJu!jJ,l ^JLjJaJI 
- LJU. 5-ajLj-"inl,l 4jJ_Jl211I JjjiaJI 3^ MA f jj f LJjlII (j-flJ? J-ls I jj 
i. ilft^yfl Ltjl nn'il ijja Ju>JI jl SiLuiJI j»ljjVL i^l" lili - L$Ia OJju>JI 

^1 «L>-L>JI C t T i'rt\ qU (j-aj i«L»-p-J CjIjjjGj SjL>- 4 j i \i n jLil ^1 (jLp.^?l 
sLiiaillj ^Ltaj-uJI j»JJ-!l J-^ 3 (j- 3 j* J^ - " ' ""' 'SjLjJl*. 4-l>.}Lc CjLll2j 
U i>ij-al! L*J-a I i i ta o i2 j il , u jljl (_J I ^1 lilli (jl jj-i (j-a 4 jlr ^L^ill 

J-a^l j_uSLII ^jLill l-jIs i ~ ' L i Sj ' " i Llc f jJsj . £ I j jl». (_ T i^. (ji->JLtilj 

(j-a La>jjX. (jj-i I 4>Ju>-J L$j(-a (J^LtiJIj 4-uLtaj uJI j»Ijj^?I <_3ljLgj uil (_y3 

CjLiI _a T p- <jj^ Cr-^' JjLlill CLiJ^\ li^p- iS-iLuaJtl 1 J^LiJI 

l_L».jJjjSjlII ajui (^i^. «LajLoJI (jjJaJI ^L^j J A J 1 1 (j-a ^ c j Lall I jl ujjLtcjJI 

JL3 4-a_p.j ^-i^- 3^ J "I L? ' ijj-^ (j-* "^i^J' L^LiJI l£JJj JIlS ( _ ;r 3 «I a lS1X I 

.i>JL*j jl ^^VLtll «Lul (_ r 3 (_gj mi j II ^ m-»JI (jjl^. Tj-Laj 

(jUa^uifl u^l JL^uuV «Ij Jjl Cj^LusJj» • 

aj_L«j-a ^lj-if jLCjjI (^1 j-iLlII Ll>. j ^«i^. Cjjje-i (^ (J-A jj.1 ^ Jl21II jLa 
Lj^L>JI (j^J *— ^J^y ^° J-^ 3 Ct^ d ' a ' a "*""' ^ ^iJ- 3 ^' dl^Li^ijja (jja 

<-mi^" (jjJI oULU ju-oJI ^1 ^jf Astrocytoma Sua^il! 

t£\\ »1 jjL 4jL^VI cjVU ^ 45UI 40 jj-» ji^f Ji^i (pil j < jJLl L>Li. 

La_aj . (j^jtJI *ljj La cuala_La Lajj 1 i^£La ^L)^L>. (_L^>I^ 9 Lla 1 1 (J^, jjj O ;L>. 

4-ijj«j^> (Jj/LjijJI j (_^l3JlII jLCll l*U j (^ j»j_jJI I ^-i^ i 'l 

^1 I jJi: ,<d uv VI ^>UJI /\ <uw j^l j^JI JaUUI sLLSU ^jjl 
Lj>Li. (^a 4jLuLuijj (»jo^ liw^^' l^I jujl^VI ^JlASiII Jjj^JI ^Lt3 jj 

.3jjLa-a 2 aji i ,i Lj^Li. i_3^Ljl J| Jl ■ axi ■ ul ^JJ LlILc ^Jjj Lca i j-ll 
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U.S. Food and ^SLj^oV! a_jjjVlj 5uji:Vl SjIjI o Sslj jlsj Ijuk 

L, ^ ,,-,-,11 2005 ^L«JI <yj Drug Administration (FDA) 
LjjLjo La ul (jVI J-a^ej mJ jJI j jaJUJ! ^ *j j u» ji£^/l ^jl_Ll! Jls-I 

dl!j> j_La ^La_bj j>jjtj luj ti^p- (_g^jCiJI £^-C (j- 3 ""'J iaJI 

i ■ jJLLaj^sl La i4jjVI tfjui \lxj\ u±a La \j 

-i (^k. L£ jjJaj Nano Gold Particles Sj^LJI i_ua jJI cjL^o- l-ojI jul> 

j? 

LaX I i ( jjj_L<ijJJ t_ijj«JI »1 air Jl>J jjf Jju «L^aLi. i^LuUaj-ijJI 

2008 j»UJI ^ Jj i nll ttLa i a " /jJ ' "j\j>^ 2j , ni->JI ( _ ;T £jj_LaVl Jj^sVI 

CjI ij i-w ' tulajj ^£ 0j-uCtX\ 0.3q^j>J i_dJjij '(3^1 l - a ^ Ct^J" 4 ^ L>"~4>^' (j- 4 

S-u-AJul CjLu-oJI i-.U ; ~ j| jjaj .4-uLUj mJI Lj>L>JLi dh2lii (j^JLiJI i_usji]l 

i_ajljulll lULalU JiLa ^ ui^>JLi I fllaa» J-l£- j I La ~ L#jV Ij-La-i i_ajljul!l /<t uL 

• 4-4-iJ Lj^LiJI (j-a "J-^ ^Uaj tuJI j»Jo!l ' . 'J ' ^"'^ & 3^J^ 

J' J' 
I ££. I (j-a jls-I ^Ir (jilat lLo£ flola^JI ^^.a uJJ» I jus ^1 iaLuaVLij 

(^Jl ZUmj .Nanoshell Particles 4jajli!l cjLaju^aJI cjLu-o. ^rlUi^a SjljjulII 

Jljij d j i frjJI CjLajj^aJ! dJju (j-a SjaSUI i_ijl JuUI (jl ( _ ;r 3 l£Luj «La3 (j^ijjj 

j uji ujj!^J (^.uajJI ^1 jj^! L*j>al ^yll! 4£ojL<JI j! jll («jtij jjjj 

4_ujJll CjIjL^JIIj CjIj j V II j n", miU ja^ljjJ! (j-a (jLjuVI SjLagj mJ J-a (j uS! «" 
3j_UlU.I tLilaJI CjLlJuuJLj j j ^ U> M t , "il A , 1 Al I a djnUtl ^w^u^/l ^^IjC- 

.(jLaJJI ^a SLaU! 4ii^j J>U- (jL^^I lflj,n"r<l ^1 

'bjjLUI '"'l a LLall 'Lijlajjla ^ j j La II pl Lij U"tl L;r 3 LjjIj J ■ a a II i_i uixl 

(jjijlj «_*_aL>. ^jj-Aj 4_j£jj-aVI CjLt_al_>JI m^J^>*Lj Sjulj 4 j air <Lt_ojJi^ ^jjl 

- s 

Js, (JLtJI m?j" , .t a Sjjj i ji^VI ajwUJI jdu (^ill ^ice University 
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^Jl SjjjkjiJI jlSJI dJJj £f?j£3 * ■ J*t ^ t^>»-Vl SuiUJI 
(j^jv igMin'i a^UJLi SjliuiVl Naomi Halas ^VLa ^jjU /5jj ui^^-lII 

120j jiajjU 100 (jrtJ £j|>" jLtaSf Olj - Si09 jjSalxuJI Jjmi<T ^jlj - 
j j ■ i «Li 1 n i a Ll ^ -liJ s jj 1 o i nj (4 — 9) (J^v <"i II ^-uajjj . IjJLajjLj 

(7) 

(j-o CjLu-o. 4 jl J_JI ( _ ;r 3 Jj I-»" ijj^jJLl JS! luJI ( _ ;r 3 <j-U-a J * L«£j 

42iie-a Amines oLlusi Jj-*^! (jy>k o*- U^L i - ul jJL* 2 c^' ^J^ 1 "^ 

j? 

.Core t_JLSJI lJ L&ik: jllaj ^1 S-y^usil] ^jUJ! jJa uJI w U;-, t 

Kjlj i ntl C)l m < -»J ( _ ;r J>-jLr»JI ^Ja lJI (ji^. CjLLus^I i. i j i .ijjj u/ jj-aSLjj 

JaLfljJlj t_ll Ji>.l t_JL2JI SjLa CjI h ia- SjJLS j) i«->>j e>-^ J-" 1 -*^ O"^ 

^ ij^a^jL) 2 (^Ic I /Vjl U a? jL*j! J__jjj ^ er^II ^JJJ^-" t_ufcjJ! ol 

jljijj g| jjjj->. <UuIa (_dJj-i 3jjSLa 4_j^-jL>JI Lflaeja u/l (^i^. <-_i <-"J-2 

^Jl I j'C 1 . ., J , ^.jt i-ujUlI 4_lLjjl! =L>.mi 4j-LajJ! SjUill SjLjj_l LSLg 



SJaLtaJ! oLvjjs ir\~a\ ^Iz. Kjlj i .ill oL-ujJ (^.jLiJ! jJa uJI 

jt 

.CjIjILojjLj 810 «Q*jj2 ^(jrH ^^"J-^ 

lLIjj^j lLLjJ jjlt lLLI Jli (j_jSLi i^LujiijJI i_fljljL2JI j j i a> i (j-a *L^jjVI J_jj2j 

CjLu-u>JI Lilij t jj^- mi" Jl_l>JI .jl J *" i nVI LiLI!^ Jjjs .CjLu_l>JI ^ d Ja ^&Jaxu L:r i^- 
lJijI 4_l>»jIIj S^LiaJll ^al i_aj^^l ^J-^J 0_l>. " )l i a 1 1 «L) jj-^t-iJ ^jl'r ^ ( _ ? 3 

SjLuall Lj>L>JI ~ 1 — f cjLjjjJI Jljell iJLlSJI 2^>.Lu ^1 cjL&jiil cjL^oJI 

.^5 — 9^ mi II jjJajj jji iL&j_i£. (jjj ' ■ 5 'a 

I Jljj i^Uoj-ijJI jJjlII j^I jja i_Aa ^j^ejjIjjjjiVI 1 j » a I j « ^1 i_ojl Jl2JI Jl& 
^Llj ^^jjvj-c JfjJaj *lj_*i^>JI ^ * mi^/I CjL>»j_c t j_c ^^jjja ^^^,1 1 miI ^£ Ja ■! ■ uj 
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810 

«LSJail 4jjSUI 3jj-iLi!l i_u&jJI Cil n j'*- ■ aj al Jj^a^uj .(JjjLia.3 Cj^Lj (jj^ 

lalj-^jJI Oj>u <L» JlVI (j-a jijLSJI i I JaJ cuil 4 j ckJI 4ij j flll <Lj>-jL>JI 

j' 

CjL>.jJ J^Hp *— ^tP* '^j'j^ 5 * " 3 ^ Cr'! ^ d '"""i v «LijjjiaJI 4 sliaJI Jj^tjj 

LaLcJ L)J^-j '*- : ?"J- 3 3 :=tJ Ct^J J ' ' ^ ^^?■J^ t " ^ u? SjIjj». 

1 j ikali L#j L-iLuall «Lullsj uA\ Lj^L>JI (J^ — J-^JJ^l' o! — ^J^-'J iSjfi^ 

(^j 100 (^J! <Tm,M oi^j 'J-al^ ^l^ll U J^oJiJJ 




uj^^aj^t^j-LcjdlLjlj) tnM I jrUj ^yM.i^jJ^^j: (4-9) j5L-jJI 
S^LaSu LtjJl j-a 'iuuLb j_uJI flj/ v l >>^J 'idjli ^jj!-ui£ a, ml t leLu^oJI i «■ ' 
ljLj^S *lUa t _ 7 i£ jj^TJ j^S-cLi— loJ t LjULp.j ; £>^j ' tii»ull C) 1 1 * »c f*-*^9 ■ o\— 4 'j 

ljULlaI uiL— uij JM^- J-*> ^1! ULl^jLLll ' ' AjJl uLu> UU— tap 0) lj!l>> ^^JjC 3jjL_3 

i ^ T l£ iLi^jLJI t— ufcjJI uiLjjS uu— tap 4-cL»C f«^j uiilj Jjlj ((ui) ^t_La_tuVl lLL-LS ^-A*. 
2 UjUail jUjI ajjj V ^,111 uil nj-NttuUij uiLLcaVI .u — t- iSLj-L mil t 



20j 2 di £jl>*J 3 ijJS^uiLlUk <Llut ^_Lc "Aj-aAj L^j^juiLIaj 'iuj^SU 15LJj_uJI 

li-LO lu> I 'l vj^^"' ( _i JSuUt ^3 Y jSLi ) 4-uliaj-Lu S^Lua^o 

bMJ»JI JJ-^-J ^1 L-aJ! cJJJ «Ujv^j ^^-5 J—uji,! jbjJI J^a-aj *j j»L hl>-V1 
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j? 

^jjl ij-ijj ' «j Ijuk i(-aj|juaJl Qja 4_o*jL>JI JjjJ^LI 4 JJ^II 4_u_^jJI 

Jus 4jT ^ ^ j ISII! tfjui ' ^j^j" tj^- ' ^-uiSUI o t j^-j-LI (j-*^ 1 jJ t jlL>JI 



LiM^- j^vj ^uia^J 



^Jl l_}Lu_l>J( lIIAj Jjj-fljj .Sj^w^jj . La^JJ tljv^lls L&Ojvj tulusi, t LM^JI l^Ll^LluL f<t5-5a 

^JJ J-**"* I^jjI^^jv CjLvjJ ^3ju U-4 Aa— lu V I lIUj «I * I lJij! luLu-o» 

4_i_lC LuLp w ■ >• ^ " ^ j^Llaj-uJI fji^Il ^1 SjIj^JI uilij Ali u iAjjJ-4 AjvjJ 42 jp-o 
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f ui>JI Ji-I j ijUjkjJI oLij-oJI (jjo Ijl>. SijlJaJI 4j uiill dJJj 1^>-JJ 

iJj^LtaVI (_ T 1^. *Uae ua J^LiLa <_4j uu 4-l!Lul!I L^aL^a (j-a «L^jj^fl Julj 

(jLuuVI ^«s uijej '^ ;> "J-'>i^-" i-ujVI j-a Jj^l jjj t_uijj| jJLs (ja dllij 

(^^jjajj JjJjLua J^a. 1 jj t^o a < n"IL) J) I **M (J^l ui a ^1 ^ f n-»JL) ajij^j uu 

. jLu-u^l i_Ja JLa-a ( _ ;r S Jj^l (O-lJLS J-La 4-1 £j\ «j i nj (_jjJI (jLuij}L! 

J! 

(j-a Jj ' a -- 1 1 J 3 Lu* LjJ-JI jl uili jjLiill jl (j-a ^ CjJI w L^j 

* 'i. 
4_uUf3j_ui L)^L>. OX,jj (J-aLtJtl (jlj-ls (^jJ^. Ojjj>*1 SjJuLLa «Lila-t-a CjIjLl1>.I 

Jj^il jj j! 4-ajLoll 2_j}L\ll aIj£.V| J>L>. w ' a j taj i ' I (j a jLa iLjSI ^ 'a 

(JlLa ^jl>.1 <jj_a_»-a CjUI jj^>* ^1 Jljt-" i hL) «La^Jtl cjjL^tlll i_iUj ^2 p A ^ »1 aUtl 

ol jLui-VI Jjja Uji lj_u^ Uoj i Ludaja jua diljo jjSUj .Sj^SJI *j 

^ J' 
.^liS'VI ^jji^. [jVI (j-a (j-O 'i i ii Juu j ui i II LajljL>.l j Laj ! 1 1 4jjj>/_ulII 

(9) . - j' 

^jt U* .4^>JI 2l3j 45LUJI 4-ul jii!l CjI jUll 2j*-uj diljj eSj^Vl Jju 4iui 

*L>.jl J-J-a->- *ljJI I jujj (j-t-lLuall jIJlC.1 ^Lojjlj 3-La uJI 4L1J u ui ii" ^1 

1 imj-ll i_u uJI jj* al jJI I jus JutJj S *lj 1 I j JLilaVl Jux. «LuiLi. iaJUJI 

(J jj 1 11 U j 1 LaLc 74j 20 jj^-l ^jjiijLaX. I ^jIjuj (jj jJI jj^jJLiJI JuvC j uajJI jl Jl5j1I 
j-uS" ^ aljJI I jui i^jjjj .4j^aj«JI 4lill diJil (JjKJI J uutJI (jlalj^jf jc JjVl 

SjLudVI j 1q3> j-a 1 a^Luaj I tlall a^-ilaj. (JS'I uua ^1 jLi^Vl j a 

<^j\ 1 .1 II «IjJI (jj ^jlll I jui Jj-«JJ .^LuLaJiJI CjLj£ uJIj SjjJ-uaJI CjLtjjLlLi 

4i>.jJ,l (JlVLs- (jlslj^f T 4 ji^. j j taJ V 4j i— iLuaJLI jl O jj>. i3j_u5 Sjj tai. 

Cr'! ^ JiJ> '^-iLuall (jia xaj i_j juS-j La Ulia I jj i4jLu3^I jj 2j£Ldl 

5JLli1II uuJI j_2^Ja j-lSij Ij-fJ^ LaL^uil jjLuI Ij-^-j^j uCjdi a^-ml Jijjj 

^jill jA ^j^v 1 n II &l jJLi 5 La yj 1 1 CjLLi^JI Ju^sjj JljJl^j ( _ ;T l£. ajjLall 5 ^ja itlj 
fjljlaj-LSjfj^l I jus^jf Jijjj. iljJI j-a Jj^l^^luliUjj». l^ijjj-Li^llIji^j-iliill 
, d , ^ , ^ t, I (JjJL^tlll (J_aLt_c_) (J;jL*IlII ^j" 1 h U (^yl^. J j^l ^ > Li a a Je dlJ ^ rt t^" a 
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j-a^l i3JL>JLi JajjjJ.1 ^-A *IjJl1I ' a-i-aj^jic jj^>JL«J,l SjjJLa (j-a Jyjj L*-* 

^ j' 

^sjJlSj (jic CjLx-iVI jVI (J^»iJJ .^^L«JI 5 j j I U 1 1 4_u_ajJ| Sjltill j i/><j (_£ jjl 

f, j, 

,_^>. I (j-a lLLI ^ i 'i~>jLi 3j^>.jJ.I ^J^J^JJ utall j-»- 1 _jjJI t_)S *J J ^ 

Biosensors 

j^£jJjtJ1 4-t-mJ ^Tn-u-a ^^Js 3jL>. clil-L^Lflitjl j^l ^J^J J * '**'**' •■•"'J* t^aJI 4_ul)l_u_a 

4_c j * i <a a 4jjIL«j^£Ll« di V j i_u_t^ cli l <_u L_u_>J 1 dlij . ^ jJ La 

. ^-<-uaJLj d a La * ^ j^t ^eJa-cu ^^^ic I uj ^ILi c_<_j^lJ1 ^.al <_u_a j-<iJ_JI 

J^>>Lj (^JlII (^iaJj-lL) (_^aL>J1 jLtiill lJijL^JI ^1 ^uu^ui CjIjLful (JL-ujLj 

j' 

4-aj^UJ 4cj_>JI ^ i aJ (jlj^JJLj J i ajj Jl^Li- (j-a p ul>J i Ji-l-i 

4_j J) U" i |>^^ IM-al i ijL^tllJI dlij ^l^**- 1 . t j-ul i n -»JI jj-* j^*- 5 ! ^ ^ 

. t^J^ i nll ^IjJLj (j^ > I ' ^ II J ui ill jj-* O -1 - 3 ^-^^ CjLLa 

(jj_ill Jj^M JLflJtJI 4jL^j (jrll ^-!l Jj-^J (j- 3 (*A>^ Cr^ 

Jjjjjiilj J-J^^l (jJi^-L^JI i ■ .Ifill ,_pslj_a? cJlj Lai l( jjjJ^«Jlj (_gjL>JI 

jjf ii_3jjjlU (jjlj .(oJUJI Jj ^ CuLj3aJI 4jUI ^ 50 3^tj (j C JjVl 

^j^-AjJI jj-a J " 1 1 2 i la j^Sd ^Jl ^j>.j-) ' tl2j| ( _t / lalj-at ^IjJ ^ ' hj^jJI <- i i i ntl 

p *1 lSAW I-*- 4 SJ^LlIl (>jIj iJlj 3_lcj>LI 5uii.ljJI (jljJ >JI 

JjuJ.1 ^ jJI 4_La^ (jr-iri't ^1 J La^ 1 1 (j < 1 1 r^i" j 4-i^.jVI lLLIj 5j^>-a 3 

«LjJLjIl! Ll I JL&J i p 1 1 s I . | t-al I J Lj^ti- I (J-l^S I ^1 1 (1>^*— 

L^JjC ^teJj 3^_lLijv ^J^Lfu^a L^ji 4-u-uija ^>>LaX1 ^-h-uSJlU 1 ^ i <&j cLu-A> jJI 
.4jj_ajJ1 J/uIj-ifoJlj jljU_u_ilj 4jj_ajJl p! La-L>Jl CjjJL>. 
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j? 

j^p-f j_u^5 jL^ 3 "^' j nAj ,(^) .-.I s^.Utl tsiij j^jtl i-i 1S1SUI 

Molecular Beacon (j1j>>JI jLULi^ ^ i^jJ^JI cjLuLu^JI 

«LlsIjJU jjJj ^j-^j c^-l>» i«\_ujlj-tiuj 4j*jL_u ^jJI j^a- ij a ^ *^ 

<? JJLi h3j-&jJI cjjjjjj (j^. ^«-uu>JLi ( _ ;r j-L>JI £>^' ^-^j-' 

(J-^J*^ p ul^JI d * >1" rt aJ J^- . ■ ^ rtjj /"tljl Jjl jjj^ls t j^, 

(^jJI JLtAllj Jla^\ cj^Lu^/I JlJJi^J <-SJl£J tiilij 2_iJLjVl jl jJl>. 

. Ijuk l<jUr 4j/G (j^. CjLLl=JI dJJj SJaLcV «L^LuI t_i^J 
^jjs Lal^-mj 4_ujj^>J! CjIjLlU '"'l ■ "I • aa. p j i iu (ji Jl^jM! (j-oj 
j! j-U JLiJ-=»oj A jjjLJI d j Jali j-j^LLjlJI jl j a C)l u t~»» p j o < ajj ' a i aj 

(_^L>J! «Ij jJ! i ir-i 3j-;iJ^ 3j_oIa ii! JL>.I ^1 (_p3jJil CjI_Ll>J (^yjjj-sJ! 

«OlU-j i4j5jsjJI £llulj_<i Ji-lj (jjjtjJ! (a^ljjJ c-H ^n-y.tl dJjl , ..II j 

I» fj^Lo (j—i^lj L. i-a3 ipu (J-OJ -"J-^J 4_pcj^ill 

(jjSij (j^sj-S (Jj12j IJ '^^'j-^'j 3-JjJ-lU 4-LLTe-JI Jlj ^><-!l J^ 3 ! w a J 

(jJI i^Jp (j lll j ijjjsjJ! clrulj i!! j 4_lc jVt Ji-I j 3 jj-ajd! UI->J1 

4jjjsjJI CjIjj» miII ^L> i iuIj 2 j iliill CjLoj^/I CjVLs. iijjLS. jJaUejs 

Fibrill (jj^LaJ! ^-a ^a\jlA\ Sj^L^ SjjjU «JIjLljLjLS» Cmi^i '^4>II (J^*'- 3 
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(jlajJLJ dll jj iCiLaLc JlILi (^^^ uiJ La j»l Jiiej <-u! ^1 jj^>.|j^>JI Lxlj 

4^t_uj 1 j * ^ i_u^ ^3 JuJiJu ^lusj 4jLuaJ,l < tlaJI £}<j\j £-j i-u^jj 

jjj Jj^j lS^'j Uji I jJ I L^jljjL». Jj^" i ..I^Lll ,Ul j , „t I ^l^ill 

St 

■ ) * iLuaJtl ^jL^-tfoJI <— CjIjJLa jj-a «Lc j (J^LjlJI «Lul ■ ul 

CjLaLc JlII lillj j? (jJJ «LaLb^Ll i<4 I^Li. <j-a ^jJI JJJ-CJ J-fl uy Lt« .4_4_j!j 

"(j-ylj liil 4-lLs.IjlII jjljJu>JI c^C- ijj-AjJI CjLa-Ja («^l_p (Jj- 50 Sj^JLaJI 

^uijJI (_yl^ J • 4-ili.l JlII t j-». U . ..V «JljJl». Asr ( ii tl s Lu ilxylj-"JI o^-*- 1 
JlLa CiLaLcjJI lLIJj ^Ijiielu-ul CjJ^jJ (J^l u»il JlJJl*JI ly>- j 

jL^j>JI o-^J J'! <"j LijJai-I (jLa n_ijjj 4-LlL>. j? ijajJL cjjJj cjjjl». 

"f _ t 

(11) •* 

. ' L^li-ljij j»jJI jLjjj/ (Jjju (jJLJLij jljj (LH *LlL>.IjlII jjljju>JI 
<LlLjx. (J^L^ _}L^t_il ijr s 3j-u^ d o ifsLt-u-a ^jLJI Lo^^J^jSu i_u jJsj 

CjLiiiaj CjLaLc jJI i_i-uLj| ~ U , „? 2 j U i" J^Li. (j-o uil.1 dJJj ^Ir (_J.<TlU 

3_j^jLlI1 o^jj^LJI c_t_uLj| ( ^Taj" .cjIj-Lo^JI (j-* L ^Ls d ^j^j ^j- 1 ^ 

I jla i3jLlt.lj 4jjjJ,| SjijLa cj^I oLl^j ^L<ilj cjLoLcjJI ^Lljl ^ a 

. L^J p i ujJI ^ ^cLUI j> j-^H 3_ajL2js ^j^. ^1 JLaL^yLi 

(jj^JI Ijuk 3-jljJ (j o Cj4i^' '- J ' >^ J^^i ^L^J uill v^J>»-' 

2 i^aAJI jJLil Sj^iLiJI CjI 4-^><-!1 5>jii' 3_u»l«JI CjI aj^/l (jjs J jJLkJI 

2 (il'^ej.1 ^1 ^j^/l JjSj ^JJLkJI 2_ajLia JLa^s (J 4 «LiijJa jj 2_ul£Lal ^ JLo 3-3j-«I 
CjI jj j -»J1 (jl jjLliJI CjjLii/1 Jl^j mj^iAJIj 5jl i a II Ljj_uSLJI (j-o 

Ljj_uSLjJI (j-a SjJijLLa ^1 jj| Jia (ji^. d ui it JLa Sjjl^ l-^J «LUaAJI j-Lil 2_jj^LJI 
CjLljUjJI dJJj j j « i aj (j! (^1 J-^-JJ tiJJ ij<ujIj^>JIj Cj Lu/jj_LaJ I j 5jl i aJI 
^Ja ■ ■■ "La-l uua 3j_u^ 3 jLjj (_yl^. (J-«-*J CjIjUa^jLj 5 (2>^ J-23 jLLiSl ^1 
jJ jJojj i^Ja i .i J| SL>.L_u^ SjLjjj ol^rJI jLtaSt ^^LS j^j tpl m->.t l 
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j-LajjJ! ^1 Sj^t^JI ( _ ;r 3 iicjjjl Cil h j -»JI c_J-i 3ji^>.jJk! tLcaAl I j La k: tliljj 

ij^LuiSLI! I j U I '*■' * Sj_u^ SjLjj ^1 l5-*J ^ '^IjjjtH (j j L>J I 

jjjSLjj idUjJ 4j*_ujj i(_gjj>JI tl^o^JI (jua- j i n^i £-a L^lcLaj S-lLjj i_dJj£j 
.CjLu/^-lojM j a_u!ju>JI l)-^ L>^ *^Jl5 ' " a (1)3^ (jH"^ 4_aLt_aJI d i a flJI CjLijjI 

2 aglaJ Ji-I jJl (j-a SLtaJLU SuJjJll CjU-}LiJI ' i aJ i 3-u jjuSLj"^ I j S_uj^SLII 
dJJij i JL>. _jj Jl3 (_yuJI (^tH'j^^'j ^Lh!-^-^' (J-^ 4-^<aAI! jii (j-a 4 ^j a j 

l£J^-\ O-aLs di! j£ i(_£j_uSLJI Cj^Lill (j-a 3Jaj-ib«J.I 2-aj<JaVl "tjLa^. Jjj-I ,j_a 

jJLa (jjs 4_j^_iLj i—sL—JI i4jjl>.^/! 3^.1_u^> ( _ ;r a ^ ■ a ■ a 1 1 <-jL£j "Jl 

(j-a Ljj_uSLJIj j»JuUI CjLjjJ^S £_La (J >.! (j-a di! i>l J->JI (Ji-I J-i 4 LaAlI 

.0 

( _ ;r u3jJk *>rh^ 4_uj-&! Ju-ill I • *! J->JI *! jGj! Sjuij «Lul j 4_Lll 

CjLiLguJVlj CjL^>.j_SjJI (j-a 4-aul.J 3jj i^ij (jjjL»j (jjj-!l 'lSJ^ sljJI 

cLo-ji-j e-Js! lSAP ^ C"*"" Sjjj'i's jtl JLkJLi SuL^aVl £_La-i i^JujJLi 

. ^JuilLl LujJLlC CjJjL>. (^jjS (JlLauJ 
^La^^M CjLlLoX. 5-aJLa-"i i .i U d j i^-iLjjJl ujLAJI ^j^*.' J-><-! La lj_u£j 

*_La i— SJL^J dllj^ d i aj 11 l j r a l-2LlJL> I j i J « taj j<u J__S i a J *Jlj 

loJ^JIj (jLta^Vl 4jJLtA ^ jJI j jr dj^il_J! 2 ca^J! oLu> 

i .i itlj (Jj-iJI i i r-» ( _ ;r 3 4-a jj>-" i ii U Asr i u iVl (j^s Lutj_LCJ 

jjLlII L^>.^Jjjij CjI — iijjU" 3 j_ta 
i^J^Ll 1985 j»l tll (^fl jjj uia-UiJ ^ uiljj JMi- I^n?!! 

20 

4_jSLjj_aVl 1 n 'h i ii 11 j»^Lal jQ ~ti\ JL>.| Sj_<I/L«Jl ( _ ;r 3 Lllj ) &1 ui O^ 3 " 

JajvV ^ jJl aJ .«Fantastic Voyage a_JLi»JI jJI 

i_aJJI S-LlLiJI 3j£LiII dJjjj ^jLJI (_Ja <U i^ila (>u JajIjJI 4jI uuJI Ijuk 

Su^j_a I jlii" u/1 (jljs-lj_>JI ,j-a jjj^ J^ 5 " 4j| Jls-1 CjjI J jJl ipljiitl di! j 
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I Jljj iiiD j J_t£.J . ^eJL Lj Lfl>L-uj_a ^\ SjL^il! J l aj (ji»- '^LjJ "'J 

.a 

4jjlJJ! Jj«3 i 1959 ^LlI! ^ - ^iLJI Ll>.^J^3j («ijiJ ^jjJI 




«L>-Ujl ^^lijjjjj^jllil Luil^ial (/jJUJI JSLiJI (6 - 9)J< it.tl 



j*. L>Ji m t L^t-c jw M , . ^ 4jvl_ul ^^Li lj^j^ ^jLJI (j-a^^T Lc^j w <; * - Tl 

.(www.foresight.org :j>^iJi j-u^».») .^^^ji 
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fSiS 4jI Jj (jr^ .'J i^ajJL CjjjuJ.1 (j a Uli JLiiJI (j-a («-£j-^ w l£ J 

d ' '^Jj c *^ L?^ LaLaiil j i3 ^jL*- L^jLa i«4-l1Lj->JI 4 Ls-jJI» 

SKI 4-».JlX-S (_ji£. lj & 'La idll . ^ . ^V.tl £j-«j>. «I oLlII (j-a 

.iljj,! CjVL*-a SJlj^Sj lijLseJj/ (jjuL*ILa Jj)-a ^uJl2j (JlVLs- (j-a i-dJjj 

Lta-^J^SJ .Advanced Materials iajiZm jl^XI :Jla SiujuJI cjUa-^J^SaJlj 

4-oiaJi ^Ljjl "Lajiitj tuli CjLljju>JI 5jc1 i ir^J '"^J^p- — J 'Lili 

Micro-Electrical-Mechanical ^j-JU^^-J.! jjjjp uJU w k i.&jjKj-aj 

Nano-Electrical-Mechanical Systems ^j^j^LJIj .Systems (MEMS) 
J o M." 3 1 jj jj u±* ol ijaLia (jVI jjjj MjjJI ojajJI Ijuk . (NEMS) 

_jjLl!I — 4jjjLlII CjL^sl^iJI lLIJj (JLiol 4 flLu a SjJutlLa diLkjjjl m i u ^j-b 

.Mgj uijJI ui»JI Ji-b ^1 - Nanobots (J-ojjj jjLJI jf Nanorobots cjjjjj 

Coating UJML ^ . L$ia Antibodies SjL^J.1 J ui».Vl 

jLa-uaj j« tojJI £-a Lt>. jjj Jj^l jjj NflnolflyCr Ld-a_uJI 4jjjU CjI SjLij 

j' 

Jji SL^al Jiitjjjil ^j!loX\ Ol ttjJail lLUj i < l i mj jji Laj SL^l «CLajLiLa f 
(j-a p i ii-sJI Lj^Li- ^1VLj^>Ij diLjjj-ijill L. i rU*M SjjjLlIl Cjljjjjj^JI l*JJj "J 

4j^jU 4_jjjjju£jl 4^£JJ uu ^jZ. <L*-£>L>. ^_alj-J £-4-3J (JjJ-Ls (jj£ LaiJ-Ld ujj (J1^L>> 

^ a I \ij I , „ a ^"a p<->~<! n l j jj-^j" p" j ■ u J * a t SI galc Nanochip 

j J ' -> a_l j I »" II J-A 4 J <i ^1 jii^VI (Jlj-mJI (j^jj S^£jtlll tul_jJ^jL>JI 

.p 1 ii-vJI (j-a L^s-ljLi.1 ^ j^j^ (]>CJ L^aL^a (j-a aL^LiVI Jjlj Sj^Lill CjL5jJ,I lLIJj 

(_yicj .<13j mi 1,1 j 5 0 jtl ^j^IjlII CjI JuSLlll j CjIjI ^jJI j_ll\J I j j_uSJ I liJLlaj 

HjLp-VI {jja j-uLZ j» Juj I j "I lia-Lal j CjLit3l_Ll,l l*JJj 4jjjlj-s (<^-J-^ 

. 2025 j»L«JI (J^i3 Cjjjjj jjLlII (Jj^l (_Jj^><J1 ^J-^ (jf J-lojiXI (j-a 4jLa 
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lj iiLj-a LLaLpjl 1 La Jlj^ <LaL»JI 

(j La 4 jlr J i(i I J C jj_ —a sUjLl/j I a 

Cj Lc^_Ua^Jt I (j a ^-a!L*j ^ I JLjlI I £j L2^a 

<_LaVl ^jJLc - - La jj ^ 0 l!l 2 j o 

— Lil I I ;L>.^Jj_iSij j Laj 4 O— 0 

4jLcjJIj i_j LaJL 2 S I »"■ 1 1 CjI flg-tLajJlj 

,_LSjiJI (jl ^ &j 1 1 I gjjljdi ^ i!l 

i_3LJeJ (jjijjj ./ttoJLmll p 1 n -»JI p j! m tl 

(j^s jiiSi (j! j«JL«-i (j! Lil (J^titilj (jj — >JLI ^jji j-^e-Ui 1^ 1 flui p 
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j-J^. «I JLsiJI 3j-3j (Jj-«-i ' I JlA (j-a 1 _jia T L2jJI <_dcj • i-Jj "JJ *L>JI i^aJl <>LlI,I 

JlLa i<ic!jjJ! pl Laa ( _ ;r 3 4-oJiitj lJi! Cjl_^>.jJjjSiil! jjjiaJJ J-if*J (J^ >■ 

Jj ir^L>J,l ^1 II 'j (ji^- L^jjJls j. 3jj 4j^.!jjJ! «i j>j-!I ^ .'j ' =3 > lt* ui-*i< 

^jj* ij^jjV! jL! Juljlll ^L*l*V! Ij^J juaj .3 M" Adi <_ij j^>JI j 

oVLdLi 31,^11 Oli j! 4.^.^AelXI o£j__jJI (jjl 4^j__i 600 (>« 

cIjVLsJ.! tfjL* J_lo ^ jU!u uVI 4-u! jJLl! jljll i i "■'j 3 ^tjj-I! 

SjLallU CjLjVjJ! Jilfl-lJ . sda^tjj/j (jl uuVI (j-olj d **• ' -**.' 4-LajjjJl! 3jj-l>JI 

. 1 jJ^JI * "J 4_ijIjjL!I '"'l -»■' < 1 1 ' . -<"j icljjJI jjl_Ll! I J"^J^j'^"' 
J^Li- 3£>Ju 1000 <j-o (jJI dil^j uJI tfj-A JJX. J • aj (j! jJalijj 

4-La.ujJJ d 1 jt I «GjJijJ! '"'l JalJI JLs. I i L^jJjjvj I j~ i j a J-^JJ 4_jj! JjLI! 

{ja cOjLuvj cCLa^_*_oj ^jl i_uj^U 4_tJt_t-saJ1 4_)LcjJ1 jJL^t-^-i I > iIoLu: LLsLujI 

^jl ' ^...Jll jj^J . pl^t^H JjLu 4_u1 j '"i r (j^. 4_^j>.1_lI1 j-L^LAtllj j^palj-^aVl 

ji^a .4-ujjJI Lillkla ^ iSj_JajJI 3aaL ..II Ltjljl JSLi 3 K uA\ aj-&, (^==^3 
jljii (j^a 2 oLla (jjLtj (jl ^Jl iLyJ-I SjjljiU SjjIjLiJI oljUJ! 

l_4_<3 icLLsj-itl 4 i o i nllj ^-^^i3 (J~* ' jl 3?! i ^ 1" ifiLujjtJI Lli^ ♦ mi 
^jjl - La i ■ 'a ^Lajjlj n_gj*C i .i II *!jLi (jljL^aJi! 4 j i u i ( _ ;r 3 ^ a-iit a 3 jLjj ^1 
. ( _ ;r lSLIIj JLjSLIIj nj^jlj-^llj ' ■ gali <Laj^3j 3js^1 ij/ ( _ ;r 3 dllj j_uGj ijj-ojJil 
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^ Nanofood «^jLUI f |Mt|«»lU.^i. Sj.ii.Vl ajj^l 

Jljjsj CjIjLi£. 4-l>.jL>JI I j" 'a I C I j L^jLoLla ^' ***"' <j-^' «LuljuiJI Cj^La^JJj 

Cj^L>J,I (j-a 'j-JJ^ £3-3 L«-a '« j-iLill Lts- _jJ CjLu-Sj» d_La tul L^jLi 

tilHJ ^^1,^,^3 <jf ^1 4-ul jLiJI j!_j_t,| j pUUtl ^ 3 ua^aieUlI 2__jjUl^I 
tt 1 1 I 

jLu^lj 3'^' (J-*- 4 L iSj^ ^Ujtla! J I 4_ul JlC .ll j_a ^ j^l jUj V 1 1 

4_j_ilaJ1 CjI sedLa t^aJ,' >.L*_oj 4j^jlLJ1 ^ >.L*Xi j_^->- (^r^- C-< )Jl>JI * 

j' 

oVj-uuSLllj tdjjJlj i JUJU>Jt £ya ojj>J\ 5j}iiJ! j^oLuii! ajjjlJjt CjLjLpJI 

iL^j ip-Luail oLsji^VI jl^aj Omega 3 «3 La^ajVl» S ^o^AJI i-£jt o r ■■Vt 
■gioaOj^iMji» j-lmjj S^LflSLl CjLc-lj-j^/l dJJj ^Jj-i uij J-a-*J c?^^ 

2.6 _jjejj c^u tg"it« 700 (j a ji^i (^Jl 2006 ^UJ! ^ *! jJJ! ^1 
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.(2010) j»UJI llk J>U ^L^t Liiij jbjj o' j^Ajj ' (3) j^j-s jl4« 

aJ!uf(l - 10) JjJl^JI p^aJjj.^jVjjjl jl a 20.4^3^1 J „ -. " t 

■ p i .i ->JI (J^'- 5 



a_-»LLUi iLuijjji LjULini j^-;* ajiai : (1 - 10) Jjj^ji 



iU>iU)! Jl >tl J*c 2LJf 


UJI WU^jLJI >t» ^ V 20lai 




4jjjL(J1 di 1 lj_l>J1 l£) 1j 

j^yb L^jjjJLa (j— 0 1 ' l 

jLc. CjLjjjI jj^oj Jj^ — ^ aJ ' j_ylc 
LfJJj ^j^jj . 1 — q1a (j\ — ^-jjJl^JI 
\\ , ^ jjjj Bj^jfcTiJU CjIj^j^M 
L;r L£. lAJjij Sjj^Jl 4_JLc SJl^VI 


CjLj_i_i_>. ^^_a 1 a U 1*1 4_ujJ^>- ^J^l__Lf& 

^ySl_L^_^J|| ■ .^"tl A. t a /j \\ • \2 tj >| 't 

"*"J'J "* ' »■ ' '"»11 JJ 1 '(J ' 
. Cj 1 jJLa jj Lj 5 (_j J| 1 l Aji U^j 




wLiwij>Jl CjI i_lx>. ^Lssj>.I^ * ts-> 

. \-$JLA J'* t floJIj 


4 Lj CjI l.ll>. ( _ J Lc j_>iJ 

.^Lo^Lj 300 j—rtj l fcjLI^i 




( _ 7 HJ1 CjI 3fcJ^/1 ^ jLjj Cl) J flfcj 

3jJ^ ( _ ;r Jom jJl*J! J^li». C*jj^I 
4, ij) 1 1 }\ \ d • A t | tUj 1 t n >l 4_Sj Li3 

M —L ,,.T I,- 


10 L^jI uja. jl Lajsl jLjuI J^j 

t^LLs ^ 3 ijVI (J >.Ju CjI j ILojjLj 

J <Q~*- ' ( _ ;r b 4-0 JiJt_u_aJLI ^tl CjIjjI 

^ Ji_rt_u_uJ 4_ufacl *^ i '" <aj jjj^ Cj L»_u_>J 1 
:3j^JUIj j- .UU CjIjj! 
,-,l»vt» j (jUt! 'J a?» ■ ,lj <VI 
• < < « » *lt*K ^. , 3 t M 1, 1 
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iUjjLJl J-*£. WLjf 






4jjjLl]1 L5LlLi i_uJl CjL*_uj>. (J-*JU 

3ju-lqJL I di 1 j mJI 4 'j 5j ^ lc 

'"'^J**" AJI J i_uj CjIj-s-JjjJI t j_a 

^lHJl-ij L$J S^j^jJLl 4j_al i_oil 

(J LLo CjIjI *J1 CjI ^3^>- £- 

tiilj j— Ji-I ^ t>J- i « m<jV| 
aA\ i_uJ (j-°J 'CjIj JJtJI 

^ i^l jj^VI j fljJI 3jL_jj 


SUjJLUI 1 < , 1 , tl oL^t-c--- 

■=> jj 2 "'j ^ ( _ J 3 d a. t ge_j ■ - tl 

.4_uIjJlJI dL?tlU1j 


' 'a 1 1 »" 

jI^I 
d) L^tlLlJL I j 

jJLll 


4jjjLl]I <jjjj^JI c_(_uLjI lJs J*u£jj 

1 t3wl baJU 4_al uJ| CjI Lljjj_iJI 

Ol )Jj uJUj ■=» gJtkVl il 1 u-2j ' fljg] 
(jjj^JI lIIJJlI? a 'j . 4J0 jjL>JII 
^ tiLJjj — l^Aj ^L^ILi dJMj 

t ,Q 4j jJ j_Jl1JI 


Cj Ll.lo- i«I jjjLlII ^jjjj^JI 1 1 uLj! 

4_a jJt-'(JI 4_ojLs 4jjjL(JI tiJ^Li jijjj^JI 

.(I^l^U 50) 


cj Li_u L_uj>J 1 



^,3 iajiiej cuil SJLjajJI olj iS'll j j—jlitl ^JLc (j a JjL^II ajS'tl jl_a 

i^j . 4_ul JlJlII ^1 j II ^_yz\ &\-ua j i_i_u-£5jj (__yalj c. I 4jj jJI 3j SJI 

diLljjj>. (_ya jJI jIj II <--iljj i_4-jli_p ^yfl ^SLallll (j c 

4jij L^JLi-jl (jlsjJtJ (_£^>.l jljj, SjLiia «UaLjal j_»^jLlC jLll>.I j 4 jjI JulII 

Ij_l>-1 O-aLa Jl3j i lj_aV . L*-a «Lul JjlII «ClA^iaj «Gji^j». ^ aj ^jjj Lx-« lalj^ «J I 
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jijjaill j ^1 jj! ^ ' -» • -» II 4-uUVI "J I CjLjj-j^ (j-a 3 J >.l J 

^Ir 1 Ual jL»j| Jlj^j V CjL-uj*. (j-a diLaLjal jKil , 5 ta j a — 1 1 

30 

£-3 J jjlajjtj CjL^tUill 0JL4> ^1 ' ^1 i aj Cj1_LlcLj_i5 (JlLa 4_ul JLC. Cj^L^£!_c 
t_y^LXj O-fllaj L*Uji£j .^IjJiJI JJ-lll ^«-»la jl j-Ljtij f JlCJ i4-uljiiJI I j" 1 j 3 
V (jillj iSIijjijJ.1 ji^itill CjUcjJI 2Ual^ j|j ^ 4iaVI 3 j i iTjJI (j^U^-Vl 

La>j_i£. j cjLsLUsVI l*JJj ^ -La-" i n" j . 4jt i^< (J^Lii^ I L#J j-Lc < 

jjJj j»J-Sj O-p. i<LtajjL>J,l j» j alll * ■ aj £-Uaa (jLaLij 4 j^jLlII II 

(^jjs-^/I 4iajjL>J,l «LojlLs^/Ij ala I taaJI ,jjjL3j ^Liil ^J^J ^ (j-uaLujj 

<j-a lja> 2JLlUa t_. — uij ^1^: ^jid 2_^L>. ^Ltil ^1 

l _ :r x\l\ ^jl^Jtl CjI j 4jJiji2lII ^1 sU j^l<ilj (_g jJI d ■ naj 3' j-lW I <j ■»" i" 

Juj^i^ jj-a 4jj^1jJI C)l u i~»J1 ^j-o-uLia j j « LaJ ^jl ijr ll lLLJ j £j>.j-]j . jl jjtll 

iCjIjILo^jLj 10 ijr II I I ta 9 * _}L*_il (J ' aj (_^>* (^LatlaJI ^-*) f J j N J ' 

tjl i ult (^yjj-jLiJI ^Ja i "II (jji^^ij (j^JI L^a&Ia u/l ^ a. I i ■■ a SjLjj ^1 i^JJj 

iOLljUJ-JI dilll jJUI 3' j-tLi d ml i n-J S^Ljj (jJI U-« i(«-aJI Ji-ljJ 

. ^JLi r" i . i U ^Ul jjSjJ (jyjjJ (j-a (0-C.J-II 

tjr 3 4-aJLa-"i i n U ij£Li_oJI CjI_i_j_o* ^L^tjv I j i ' aj ' d i a * » i i_u^/l ^LuLjj 

^l^j| ^Lil <-3J-^J liilij iJ> (jyj^l (j^l t ST . ■» t. 1_g 2 U j A >, 1 1 CjLj^ir-JI 3-g.l i 

^j^jt-uj jj-i jJI tii^Jjl jl j£[ i_aJI ijr i^j-a £js c_< t_ul_uj ^^1>JI jj-* 3 4_t-aL>* 

.«Lt-aL>. «LuljLC ^_alj-j 
Lcl^jl Lijijj' 2 U j A ^ 1 1 2_jjLc.^/l 4^,1 't ,s> £u i^J^s-l (j^' g* 'T? 

i^jIj^ e^tj ^Mayonnaisej-ujjUI p 2^^,11 2_^LaJI 2_^aLi. 

(j^sl jjJLl I j U I A",-. I ^ o i4j-Lfl>jJI jl j U j CjjjjJI (jjs d Lia 4j uiJ (jrl^ 

( I jjt f^h^ .^l j-U J U5^" 'f' 'J^ "J' (^r 3 3J!UjII iJ-ujjUU 2jj_lL2IJI 

«Lili (j-o ' "'lj tajL j-ujjLil ^1 2'al I oujJI CjIjJaa (J' J j" i u' jjjJa 
i_fljLu «Lll (j-o 3jL>.l ^11 Sj LaJLll (jl ^1 IjJajj . d jjjj «Loj^j «liJaj w la «" 

j^l j3 I J * ol- 3 'SjjjLJI jLlj^/I cj! j H20 cjL_xjj^>. cjIjLlLj (j o 
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4JLi3j CjLo-lLsj 3l LajtiJ CjLuj^>JI i f uj 4_LjLfc <LLs&Ja t_u CjL>.I 

.j-uajLaJJ 4jj1j->J! cj1jjtj_aJ1 ijr s LuaLiit-il (jj-tjtj 

J I jj> (j_a SjjjLi Cil JJ-o- lS J^* 1 - 1 i (j l a J j j I— S_a Jiitj 

^jj^jj^jjJl^I jjjijJI CjLjj^j>J 4-p.jL>JI ^zJa ■ u 2 1 i fl.il»J (J-a-*^ «LuaLi. 

. L^LaLuaj "1 (j-* p mi *»JI (Jj-*-^ d 4-Lui£ L) iCjjj^JI lilll) 03 y>. jJLI 

^a_aj Jl>J JulII J I aJJ L-d jjjtja aj_uu l:7 j3 jjLlII Lp» ^Jj i^v" LliLa-u Laj J su 

C^tJI L&> Jlj1>jJ tylll 2 jjI jjJI CjLcI iir-itl c4 U a ^ CjI >->=tXI 

500j400 

i^Ss 4_ul jjj! CjI ajjj! olfsj ji^jJI Jl^Ujuj . Lp- aJaj£jJ! dlj oLd2j 4_La uil a-i 

4_ul JlslII CjI ^_jj«JI -ij^ La^. (jjj - ^ ^a^jaj-dJI l^'^lj^-^'a^-ww-J / ■ -V» 

2_L3lj-a (^Lz JajOJ SojjiJIj L^ji: (jjpa <j£. Nanosensors SjjjLi ol ^Luaj 

LdJj£ji2_ul jJtJI jIjJ.IjiajiL'^l Ju>xi' 3j^jioLjijUJI9JU. ( j£.9J|jJ|i aJuIjSLll 

mj! <L43wU i— al uu£l («UJj • J^^' jLsLLa (Ji-lj Lg-io^g (j^LaT 

diljj jjJI CjIjjjlII (Ji-I JU 2Laair*»itl CjLuI uueJJ 2jj£HI 4jjjLiII jl_jJLl 
CjLoLujJI lLIJj j-Laluj .4jjjj^LjJ,I j! 5jj_uSLjJI d La ■" iVI lLIJj Jj^-^J LajI t mi" i nl 

iuiL^^uMjJ! jjLJI a Airi • 

4jjx.Vlj j»j aill ' ''j I*" (j-3 ^Jiitj uij ijJLa uA\ S-ukLilLa 4jajLj 4j mi r ! 

^^LikJI Jl .^l.^t l S^La 
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3_al_Uall 3_j^,l_J| CjLjjSLU dik Jaju tijaUntl 3_, &£VI dit Ji-ljU 

J j 1 11^? (jjlii jl jn-a-j 1 .i^jVl CjIjLc. t_!j_<jij «LuSlC^M lLIIj ^Ljla (jlc (jyl^. 

VI 

Sj-iaJLi 4_La_j_>JU SjIj^sJJ d j ui£ 
iiiLu uj^LJI /jjs ijjjlj <ZjL£ljia jVI ^ j II OlSjJI (^3 I j 4> 



riil 

oL^ljlil tiJJj j? iLia> j^jJLi jjJL^JI <j-a .,_P=jjlII I Jl^J 5-ajj-"i.ill CIjI^jjlII 
CjLalS jbu I (jjijjLia lJ ^2i jtsSLalJI ^tuJ idjlj «iljtl (j-a c_<-II ^js (j-a i_a]Ljj SjjjLlII 

iCjIj «1 1 j II t_JI jJil 4-Lal uiil CjI jjajill JjL*-] L*jl-^2l L> u 7y'-'" Cr^ (* SLallJlj 

Cjl^laJ CjI j-j-*JI i-dJj J i.lj «L>-jLLaJI «Lul JljJI 4 i>. (j 1 1 aj L«-a 

.CjIj_uju I *j jti" jl Lgjsl j-a (jji^. Ij-^aj (jl J 1 aj jjl (jj^ (j-a SJj^Ia 

2_».j|_taJI 2_u!j_iJ! oL*IiU . ^ ^jLJI Ll^oJo-Sj ^ Jij-I 1 n" 

oLaIr>JI j i(jLjVl ol sciia di! j^j uiil jlj .^-^11 j 4^1 jjJI i^^till J 

SjJIjla (jj>Ia (j c: diljj '<*J>J; ^Jl v2jLl>.jJI ^ II 3 3LU3VL1 i j ijJI j 

iSjjjtil (jmJLi V 2 'a I A ,*. «Laj^j d S^laj I '^^J^-^' L^s&la u/1 

CjLj-loILII ^0-^1 JL>.| 4-t-L^ILll <>JUk Jjfcjj . CjIjILa^ajLj S L^SLa-u) (J-OJ 

djlj^i SJLUIj 4j>-jLLaJI 3 «jlLVI Jaia. JLa^s ^ ^1 jie^ ,-uV! j jj;t^"tl 

4j^jLlJ! '"«I fljJaJI J-lfl-ij . So-lkJI Jiju (_^i>- ijjjj^tlll ( _ ;r 3 L^J d J^-N ' ^11 

CjIJIJlII i_i j ui3 iiul jJLll tuLsOiil j 5LsjlL>U 5u>.jLiJI jJa u/>U 3^UU 

JjsI^jlILi S^jjlL^/I j jtj j»JlC LtJ^>.j J -1 1 '^_' diljj iSjjjlLVI ^Ja uj ^1 

■il 1 n'« ^Jl UjI J i^Jp ^ylll J lOL^Uji/VI j SjoLijJI Jla ,2Uj-.t I 3_t>.jL>J| 

.4jaJj j! >ljJLll 
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4jjjLj j_ualuX. L$j ^SLi i3 J iji^^U 4-ijsl jJI ^ .Uli J 

JjLjj JuX. L^llljl !VLS IjJ hjLjijVI £-a Ija-p. «Lo^l^la i3-aL-u 4laT 

Jla iSJLjs jJ! CjULlaJI dili! SjjSUI SjajLJ! oL-LpJI Jlhjj .^1 jJLll g lUl 
JLuj^fj iTi02 ^JtH^t!-^' JLu^l JlLa CjIjJLill Ju i "t^l aajj ^ i a aJI j 

^ Lsljuai^lj Lt^i ji^Vl ^Ijll (^jii iCuO (jj/Laiill jll^Ij ZnO 

(j-a CjIjjUI (J-iLxj LgJjJulJ J-j <-ul^?l l£JJj CjLi-Lp. j_L«jJJ .JLsJLI Ijuk 

( _ ;r ic jts^l^jj JuS (jjjJI ^ J '•Jj 3_ajLiaj i Lj^jSLlIIj 4j^jJaj«JI j! j L! 

SjLiVI jJp<JJ JaAaJI tuljla J>Li. jjJI obtlial! 4p.jL>JI ~U,„VI 
ju^sjjlj 100 <jx. LfcjLLajsi jUjI ^Jjdj V ^,111 2 jls oL-Lp. (j! (j II 

L$Jjj>o ^£ cuj La-a i<Lo.jL>JI L^Lu-ia. ^Ja uu\ lJ \c ej^>J\ Lgjlji 

. CjLij^SLlIIj L^-uSLlLI ' dlAJI SjUJui t4-La-mJI 4-JLc 4-i^a3 CjLj^jI 

La^Lia^ LaLsjjlil 4-uIjJl!I CjIjjjlII ^LjjI Cjl^j-JaJI ^^JJ 

^* I JaAj» ^3 4_a Jl^j luII i_u^LjJI ^Jjl j-oJI (j-* L^jL^tjJLa j^j LaJ ^3 

Saill (j-a «I uuL jJuill ijj^I liLititil 4 jjI Jl«JI (Jj! j mJlj ^ i «laVI 

4^Ll^Li l*Lu i-u^yLjJI 3^La j<sjj i<_ sjl^JI Ijuk j^^*^ i Cy3 -jJ^JI jl 

( _ ;r ic (Jj-^I'j Sjill I g3e i 1 ■ I JukJ i L^-iJt (Jl ual Loj\ (j-a Sj^jLj CjIujjjs-j 

18^16 

4j^jl>. Cj\ mLuo^ L-kjIi^J Jjj^-Ls jj^c l^Jl^JI Ijui ^ ■ ' ^I«JJ .CjIjjJJLI a 
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^J&jjui uaXI j-fl>ljli]l (j^. Jj^JiJIj j^-iJI i a ifi<S[ 1 1 (J-«-»J joj*->JI Sj^jLj 

^Ljjl (JL*-a (jj ' ■*» ' "* **•" 1 1 jj^ia-LJI j si oltll i_3Jl$jj .Cjljjla si J iJI 

Lu-uL-ul U^SLa ijj^I £s\ u/LjuJI Jui ^-aJ iLjjLfcjj-aj 4jJlC.^?I j_L#j>o j 

Au^Lus ^Jlo JlJJuo (JjUJI lllhjJ-uJll uiJ C^==J <LjI jJLll Cll ^JjJI 

^ j CjIj_l*j Ju^sjj Ljj 5jjj».jJ,I A jjIjl»JI oA U 

f l .UI 

Cj^ejJ! (."i" jj? (jl Jjlj dJ J iSj_o~V! Sjj^M (^yi JjLall 3j_ull j. J-Usl jJll 

LflijljTj J->^lj lujVI «Laj^s (j-^ SjLiiaJI L_£jIj_uLj /"»1 , „Ij.itlj 

^Jl . jgj Cjl Ji_j_lL1 dJJj 4 «a V CjLui^ ^JLjlII ^ Jl^t-" i u . 4oj_lL1 3j-aJ_LI 

,_)jj^>U>J,Ij ^LJLIj a_ijHl! cj^Lj ^^jJI t^-ij-i * Lj^-t ui jjia ^j^la 2.5 

. (j! ^_ij>J1j ^jLj-uj^I ijr a ^ o i n**(TI cjVL>. l 1 1 1 1 1 ^Lojj! j-a i_uj^ 4«Li£,!jjJ! 

,_,JI 4jpJ! J ulC. oLLtC. ^ j! ^yfl uiil 0LJ.I (_u uiJJ ! j-* 

(j-a JLiijj (_^<JI i4jjJIIL] 3jij _5-LI CjIjLuJiI (j-o 'LjJLc Lj i^ij i>\-jX\ liJJj J-o^s- 

^LojjLi '"«I ^igaJI dJJj j_ujjjj . jJJ Jlj CjLjLjJlj d i><JI '.'J' (j 

.3jj>UI jIj^I (^JLlJLlj 'L^ia 4-ajir"i,,iU 
jjI ^1 jjLi 4j£.ljjJI CjbjLajSLLl «I selili ^J^j J^l ^J-^JJ 

100 
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4jL*^sj d_uaL>J| 4jJ,L»JI l!iL_uLu »11 £_a L; liLfljj d i ■■ a i (_paj.il! j .4j£.ljjJI 

JL^a ( _ ;r 3 5-a Jl?-" mil d t— Lalll dj^jLill CjL-laj>JI 4jjj>j J^e-i oLso'^l Iju i4j-uJI 
4Cj1j-4_jJjjJ1 jj-* Sj ji ir-i Cj^jj < 11 iS ^Ja*1 Ju 4_i£.|jjJ1 <L)jlJ1 i t-LLeaieJg J_L4_i_uJ 

CjLi-LiaJI L#JLa JjlLajj wiVj , „ ,<tl tiilj jji^j J_i£.j .(_JjJjs Ja ujjJ I j i »" 

ija^ll JL^J.1 I jui 3j^_jJl>. IjaLaT dilju ^jLill La. ^Jj ;Ci o =ela juaj 

4-uLl»-iSL!I jl jJ,I CjLj.ua. ^jjiej <i t n"t ( _ ? ^ L^al lmjh jLLiSf jLju? jtiSLalill 

idilj liuJI j 4j£.Ij3JI cjLs^U iajLslI cjL-uj>JI j? iCjLJIj 2 jjJiJ,! 

«La_t-aj CjLiJlLI <L)Laa>J1j 4jJljlL11 j-3jJ i 4jj_i_oJt_a^ «L_u^jJl« 4_lL«j Cj^Jul^j 

^j^»* ) ^ajJij^ I J 0) . d_a jL^tj i_oJ,l 4-uL l. ft j aUI J I jJU d_u^ ^3 ^a-flJeJ j 4 *jl J 

L^_J1 ' fll ' a " d_ul_L4_l£ -il J-A 5j tj i n \ £ya ' Mi"," S_j^jLj Cji i i i -w ^L"oL) Cjl^-tfoJI 

iJiJLaJI c!j'^ji,ij<1I dJJj Ja-ta Lta L^lmj ^13 lijjt-i cjLaVI «btalSLa cjI ju-ui 

. Jia. I _j oja j !^Ss iju Al" V a (^ij fljja j «I jLi ^ L^L«j»j Lj-« i Li^a" j 

SjJj ui (jJaLtil ( _ ;r 3 %50 ^1 J i aj 1 1 j'« j-fJ^ *j >• jjejjj (jjJI al ;iH 

^LlILi i^jJj 5_ij^II 4j>-^la 4_i lju ^Lajjl 4lc j<s^a-y Lx-« 'Sjlj 

w '» aj 1 1 j iLJI Lo.^J^&j >Uk j c ' Ju xjj ^ J**' 'J ' a ^ ist-il 

^J_<j_»j 3jUj-5 «LiLjjJa Ij^j SJLil tilt-o* 4J£[ lHiJLI i>JLA J^-J Sj^ILua (JjJ^>« ^-^J 

L^jLjjl». (Jj-«-a ^jjs p <-»*.! t j 4jj^JI (^yJI 0 Lili (3^JJ ^^.j uj (j-a-Lfliej (^yi^. 

, d i ♦ , W d 0 j 1 1 ^ j ^LuiJJ Cnt 3-^3^ ' O-^-*- 4 ' 5^ ^ ^- ^ J 0> 

jj-* (j^S^ij (jy^-II t4-«-ijJaJl ijr 3 3^^>.^XI 4jj^J_JI ^j^Latll JL>.| OjJ^jjJI J 

i_4j^jjj| ^ o i .i JL3j ■ (j-^?"J 1 "^J^Mj j»j-ujl^/lj (jjSLilj i uli ( _ ;r fl> j-J-a Lc£. 



223 



J) 

aJJb oJju t-u\ J_oj3 I jJ !«Laj?ej>. ' a ' aa * (JjLau l 4-1 <Jj1 j t-*J1 1 {j \ t _ T 3 

i4-i£.ljjJI Jj ir-iL>J.lj CjL_jLjJJI JLa-a I j fljlajjj ^ -1 jll d jj^LiJI 

^jJI tfLj_a Ij JJ 6 ' 1^3 ^ oj-^-^ *^L^~^' 'j M i, f 1 1" £- tJaaj tilt-o* 

CjVjjlaj Lg3.|jj> b dilj Jjlj Aj^ll i<L<-al uA.\ I^KLlA (Ji-l-i <Lajiej ui£l 

. 4j£.ljjJI ( _ ;r u3lj^/l 4_lUx. 4-aljCL-J j-3jj i4ajlaj 
JIuijj iSjJjlia Ljlj_a (j o (_£j-!l 42jjJii 0jj3jj La (j^— JJ IsLUsVLlJ 

jji^i LUajI L^jLa i5jpJ! J — i-! j — ji j_<itji!l <t=tjaj oLl*£JI 

. 4jjjJ! 4j Jju 4-aJLa-"i uA,\ S J n 1 u 2 1 3tLa£ ^ ut>J — 
.4jX.ljjJ! 3_ijlUL> 3jjj*.jJ.I «LuLuIaJI jJLll j i^iLutJI (jljJLa (Jj12j — 



aJLjL Ijji^. ^Molecular Biology w SjjjJI «Lp-Vl ^ »1 ilr j^.* u. 

CjbLiJI ij II Sjjuda >• "taLual ^jjj II j (^y^Lc I j'Alj.^t 

( _ ? JLcj (jSLI .4 jjI JiiJI CjLsdUil 2jcLu^5 Jl 3ca «Lajiitj tuli CjI il JJJ>JI J 

(j-a j-uSj p i U i Vi | a Lulj O-lL^ L^jLa Sjl >JI CjVjL>JJ l*JJj (j a ^ CjJI 

L^aLstlll j jjLlII Lo. jJ j_t£jj JJ?e-3 ^J)j-J £-*J * ^ j'-^^l J 4_j_lSIlII jjjjlll j CjLlSjlII 

SJljJl». CjI j-l2jj CjIjjI 3Jl£. Cjj^Ijj i4 jjjpJI Ll». ^jJ jJSoJ I j. a 

jjLill Ll»-j]j-&j O a-Ljf JlS5 .jJaljll \ (jJI ja^LvVl l*J Lj Jjjielj 21ii^ 

dibLiill dil ij-v ^ (_LaL»jiI 4j^sL>JI 3JlJ Ji^JI CjIj jVI j CjLll2jJI (j-a 4c jxjaj 
lj3LlIVIj CjI .j .-^tl i ^jl-^j" (J^ j. j a lLLI jj Ljj t_i C^Lillj Cj\ lljjjJI jl 

La 2uli. ^I L^Lu^jj j| jJ,l olli^JI (7) ^ .-.V j ...<t | ^Uj^j Sj^LUI 
,( ) Viral Vectors cj>LaL^ cjL^jjjill ju^l^I ^ Vjj <Sj il_La s jj^aj 
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jK*l 2b-l3j ^1 aiL^VL dJUij ,b}UJI ^1 aj^l S^U^II jlj_JLl jt 

iaLUslj jj^I 4-jj>-Lljl (j -i i eaJ (_gjJ! ^till L^jjjjj 5^1 c lj d jx.ljjjl 

CjLkjiLjJI (_£J^-1 OoJjl iJbJ.1 (Jfj ui jjU'l . I jj'a CjLoj^iJI 

, ' L#l£ 4 'i i ntl jIJla I 'jj (<UJ (j' (Ih^-*- 1 c * - " 1 

2_uUI LljbLiJI /\ jWlj K-dL-i-uVl ^Ijj^ u/lj 3_uUI *Lj_>.V| 3-l!jj Juu 

jj .jja-V! Jl*j {_ya LaLc L&jju -il-ijj (_^l ( — > ^-_5j J* 1 -*^ 

a^UI „L^VljeJ U ,„ SU j^KJ! ^>J\ £y> %20 3^ j? ^1 oIj—jjlUI 
tj-«3 . 4jSU mJI £jlj-ll L^ILu^j Cj^u j a 3jjL»jJI J5I j l^VL «u». jjJ^JU 

Ig'j m') J ' aj 1 ij^tjJI 4jJlC.VI ( _ T l£. t_xlLaJI ajLjj j-cj i-uJ jjl jjbjjll 

cilj_iiJJtl jl&^^c.jJI (^Icj.ILolJill (jrtS^ljJI ciljiuJI J>L>- ^ %70 jjji 

3 i^i^^elll diJj t^ai-Vl j^ic j .5j<< mil Jjljll £y» J^SLII Jlj mil 
^jLuujSLII Cj^illJI SjLjj^ (jlalj-^VI aji ' w dj jj-o ^^Lju i^jLujjJI 4_u^J ^^^3 

jj^VI jjjJI L^J i_ajjj/ jjLlII Lp-jJjjSj j! (jjlia.LiJI jlZUjj . L^jkl_La ( _ ;r a 
lj_o.f 4£jJkII L^b=jj1 Ly ill 4^L*jSLII jI jII (503.1 jLpi-1 ^ oLjLijSLII j 

CjLu_o. £ya jLijlII 1 JLA ^j^Swllj . 4_j£Ls_*_uJ1 ^jlj-LI ^l-J-* ' "^k*" ^3 Jl?-**( i n**(1 

l aji Uai jL»j| ^jjLu V (^1 La a^jliiill j liijLj t^j iriL^jJ. 

40 
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Jl2 Sj-^J^ J-la l ■ " « (j-o L^J Lx-i CjI njtJl dJJj (j! jjLlill '"'jl 

(_gjJ!j L^j Ji_y>.jJll '"'l a i ..j Alt ( 2ys d j*C <i i ntl £jlj-U <*L<-a ^ J 1 "*•"' (jr^ Ci5t>o 

ciJU uiVl 

. Sj'v g i .itt £jlj-U o^!-^ <La I J V" i " I (jja j 1 j i I 3-g.j_)"miU 

A^jj" mXl dlt o uiV 1 p .-t-»" T ^ji^JJt qj i >J1 ^Lil • 

, ....< j.^y, 4ijjJaJI o JLA a x t~~j . CjVj ( _ ;r 3 I uli (_£jj-lJI 

laLUsJ j<u i^l 5-1! Ll (_^L>JI (jia «_>JI (j_a *j j , ,-■ a sllaj Ljju 

^-LSJLII cjVj -^J^-^J .4£.jjJl! tfLus ^1 cjVj i aj£L!l dit 

(*-* o- 0 J ' A^J-^ lSJJ-^' u^i t_jj-<jij lS-^J^ '-* /5 iCjVjj-ojSLII 
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I I 



i 1 Cjj 1 ^£LJ 1 p taji ^ jj t jj-* r*-*- J-1 1 (jr^- 

<L^jLs 4^-L.lJl 4 iL$J>. jj Leaj * (ji 

^jj-SJl ^1 i_ujI I ^3»Ijj ^ nJl cjI jjLrdJI 

Llv jJ j-iSjj (jy Ll 4-lLlI I S j^v V I j 

3 K ^ - Sjo-I SulJ! 3 K Ml ^ 

aLJ.1 d — st^La — <ji_a ^ — 3 
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j_n. j-3e_*J l_JL!_jj ' * J J la-Wi i «LiJLi 4Jl_*_u-o CjjJIlII (JlLa-ij . ^ysjt i t g tiajt ) 

^ 4^ .iij j! ^L*2_> ^ La ^L-C lisi La ^Jlj-il (j— c Sjj^il o' 

. V Lj jLo 1 (j-* d 5 ui ***' ' ■ ■ * j t < i 

4_uLj_LLalJ 1 Cj j rt_J 1 Cj L>. j-ss-« < J l liSLJ 1 jj-a (J-ua-aJ 1 1 J & ^Io%JtJ uU J 

(j—Ji ^ot (pil j 2u^m a Ll iil cjI j,; uJ I j>u o^; c ^ii 

i« !^J! ^ dllj^j '5jpJI j «UI ^ tijlijjJIl 4jJL«ji ^ <LiLu£ . M j 

^JLjjJI J^l>c 

jj-ul jjill LiAIj 1— #J i^p*\jjLi$ ( _ ? j-uJI (_yijJI I jj'a ti^p- i4-LaLi!l (JjJ JLj 

2-Liol La ^1 4iLu3^Ll \l}Jt ujl\ 4^Ll4jSLII SjJcj^I {y& ^\ ^jLl 

(jjJ! d I i i aJI CjLlUjlIIj jLaJ^/l 4Ja lili (j^. «LjoLi 4JLlSJ CjLu-l>.j ^ajl _a£.J 

i^yJllI! jj&ill Lc^Lii jiSVl oLyJIl 
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£iU$1D yijlj UnJI iyW ^iLII L*$i$*id 

JljJjj (J^-l (j-o ijl i-J!j jc^e-illj iJ^IUJ! o jj (jj - ^ t — " r (_P-a-i *— J :P" 

v^jIjLc j^l ,rta jjj> 3jLU ^ 95 (j^a ^j£l 1 4-uj < j<ll ,_£aJiJI oljjjl 3 SUaJ! 

«UjLjJI , d , I , ^. 1 1 CjIjjUI CjLui^ £-"H>j iSj-iiaJlj 4-Lal_cJI (jl jloJ! ^jls 4-i^jL>. 
: ( _ ;r ifc <LaJg3&J t_jLjjji( (j£. (O^*-" (jr^'j c ^-'^' CJaJJ (j-*-" *^JjL*^J 

w se i aJI i flj i a 1 1 i>l-J-a • 

. t- A M I i_iK i .i il j i—ij-i-al • 
j^_lT (jl j (j-a 4-u-lJI CjIjjHI 4 ^'jli a^Li^J | 5jLt>- Jl «-a Jjua 

Sj Cm (^Jl Ij-ks-i LdJjj i lj-f^ LaLciii! jjLill Lt>-_jJjjSj L&Jjj u-^^ " j ^ j .' ^ ^ 

(jl ^j>.jJ[,I (j-aj • I (j "i j 1 1 (jy^lll 4_u_uJI L_Sjjj_IiJI j (jl i_u_)VI «L*_*-£> (jl_) JajIjJlIl 

ji* (_jlc d ' ij J 4 S U" U 4jljL^aj 4ol31]| (jL-uj^l 3jJi^ 3.3 Ljj lSAP 

5 0 lajlj «JljJl>. 4jjjLj jj-a J^-^ 1 ' t^l i4jl».l jJI I j" j' Jj Lplj t_tC^Wj SjUI 

:2_JLlII J!>Li- (j-a 4lixll 4jL«j>. (^Jl (^jp 2JLta cjljjfj 4iujo- 

jl J-a (_ T Jx. 4_lLuJI CjI JjJJJ CjLa^l^j (j— a I j l seJJ ^H-" L - ^ J " '"' * 

. 4JL) 1 i u 1 1 dJ I j^JLutJ I 

CjIjjUI 2Jlj! (j 2 LJU. 4-aJiiej lmX\ 4-aJijVlj (jjjlaJI OjJuoj j—jjjlaj • 

. Ljl^li aa 

4-u-U (J^l iSm (_gf (jJ 4-iLl3XuiXI i >JI i 3 1 g i «CLjJl». LlS 4-pJaj| jISujI * 

^1^, Jj ■ ^ ^- U *U-a_L>.jJ ^JLjlS ^ ^jJl^j^o 4_ajLdILa 4jjjLj j_a ^1 jjj • 

.ambili S^LkJI 



4 _i n ft il (j-a cLU 4JiLaj La (_^Jua ^LlJIj ( _ T ic 
j-us Jlj (^jJI L^-iJ -1 (1>^ T* 1^ «Lo-tlajj «LLa I j \\ < a a ^j?cjlJ! (j?j 
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SjLus^U 3 j i iuS>!I cjLl^V! jl>.| cjLaiiti! <AlZ dij <"c I jlsj Ijuk .^^KJI 

(_gjIL>>j «LlcLu^jJ! '"'l alieJLl (_dJj (j! <— Sjij »-11 (j- 3 4jJ ^y 3 - 'O^J "JLj 

jjjj^JI i,_3_ijjJI J j-a 4_Ll2jJI (jjLnil cjIjJLi! j_^jjJI 4-JLc <_< ulj 

JI 

«L>JL«J,I j-fC CjLiiitil i_dJj CjLi^SLa 4jjpj>>j La ^Jl S^LiisVLi i ^ya \ i aj I Ij 

. SjLlIs 4_uLa_j£ CjLi^j-a ^^ji^. 

( _ ;r lll iCjLcjjj_tl (j a 3-ajitj uA.\ oVjX\ i_3j_i^s '"'l jl t* Cjj! J__3j 

S J i i n^fl j 4_oL_a]l 3-j^ mi-kJI CjIjLuAI QJi (- mi (jA^. L^jljlo-Ll p ' 

j il ' -■» a L$jj ijijj jL^j^M ^1 jl Sjj-j-II (_j.II L$j3j-i^5 i3_ijj]| oL-iaje^aj 

cjLlLox. ^L^-a ' •»'--_' La_a '"I jJL I cjjJj i_i t_u_i 3jLij .3_ijs^>JI aLtll 

^yjjj^LJLl j ^j-uSLJI cjj lili (jJI 2LaLu->^Li Ijuk . I gi>JL«_oj oL<ll 3 j2Jj 

i «j ■ ^»tl .-'l Laje a a\-A. j JuLiIl i 3^-LaJ I Cil jl nr jojvLlII 3_uLU 3 ifAI 

j k-wj JjLlt.1 '"'l alie a dUj£j 3_>JL«Ji.l i tu.aj ji 3 >JL«J.I j^c. (^Je-LaJI 

.4_L>-ljJI '"'IMjj-^tlj jjjktl 

(_yi!l i _j-<ii!l (_£ j" i 'i a Cj->u (_yill J I iJaJii 4-LaLill LlIj J J- 3 ^' J i aj flj pj j 

j? 

(J^Liiia j jjIalj-aL) Ljjj i < n ^j^"^ (jj-ila ■ axaJ jj-a ^i^^ 3jLi-a1 ^1 ^43-) 3j^HI 
oi^JI (^3 Ijuk . Lfcju*. J 3jSjjjjV| «Jl-ejJ.1 CjLVjJI ^ dilij i3nl"^e-a 3_pe_i^s 
diLaJaillj CjLl^JI jj 1 11 a (^yl^. «uLljJI CjLuIj JlII j jaj[2u}\ «LlS j^jjj jJI 
j ui 1 II (j_a CjIjLiLa 3j^Lj t j_a ju^l ^"ij * I L_3 2015 ^UJI J^tj 4:1 

. Sj-tlaj*. <LiJt_u3 J^LJIl^j (jlalj-aL) p £h\ Loj ^Jl 
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£|U$1D yijlj -W~JI idltiJ ^iLII L»$l£*ki 

4jaJLaj sLi-uLa tL>-L>. ( _ ;r 3 4jj JuJI i."i*y i Les] JLa3 ij»J-2j La jLLal 

d - '"'J 

4j»JL« \ g AjUtj" ^ILjJ i<JL*j3 -il^-aj S^SJLuo J^h^ 5 -iLst-il ^ II 

^JLiIl A di (^JJ 1-UjO lj_Lj£j I I J Li I-U-SO l J 1 LU I 

. >■» tl j|j \_\ dlL&jji-l 4-l3^j>JI jl |VI <>Llo Cj^Jj sLIS! LMja Jju 

(jj/ i j ij\c ^ Lj j! I i 3 it-ij cuJL I 3JLl2jJ I cj I j-LU I j-»-^ Llc j i 2_a I caJ I 

o^jj ^La ,(1 - 11) J < r, M U£j .^1 ^«JL«JI L^-Ijj 
(^^^Li-Li (Jius J-sVI j«__lL«JI (jl J-L 'k* ^ a (_>^= t J * 'Li^j^JI i>l jJLI 

(JlLa SJ^tjJtl (jl JlLJI ''j' aj sLjJLLc d K i"i a Jl*j Lg-tSll j 1 1 g ifrjo-j JLljjj 

jjI tiil ji^ jLi4-i L»£ -(Jjjlj-UI j (j^iLL».jVl (J!la S-laLlII j i ' ' j II j (j^ 1 a ^ 
JiLo j»jl2jJLI ( _ ;r cLLuaJI j«JL«JI o'-^ Cy u I-jjlc J^-ii-il 3 K iSJj <>jui 

(^ ^)-" <J^ 3 K mi 1 1 ojut J t ii -r 1" j . LJIjIi i-ul j LiJJj' Jj- 3 

(jK m II (j-o 4jLLI ( _ ;T i 50 3^=-j Jl^l*j i^p- iS ^^i>- 0 ^' Sjl^cjJLI cjLjV^JI 

(j-o 4-l^jjJI L>- L£l>. I j 4 T Lt T L±iaJI 4-ii3^j»JI i>LJ,l O Lo-lLi ^ lc 

4^^JI „UI oi— a (1 - 11) J< mi t L 

C;7 SLjj_aVl ,_L^I tJI i_ <L*jal jJI cjLV jJL ^^LLla Sjlc 2^ j 

<_iJl 200 i-"-a (j^. L^-i3 (j^_uajL>JI j ' * ic jj^jj ^ i^JtJ Ct'J^' 

4_l5Jj 3JjL=tja (jt itfj i_o i-uJJtl i Jljs-IjJI jiU! (^ ^Ij^.jj£Lla 

=lLl5jJI CjIjJLiJI j-i-aLlc J^^ajiJ 4j ulallll ^jJaJI j»ljiiej ij/L) <>LiJLI tfjui 

' ~* A\<\~,\ \ d A 1 i 2jL^La 4-il»£ Jju 1 1 j Ic 'LoLjJI d CjL^jJ.1 j I 

Ijufc itJliljVjjJI {j—a t^jIjLiiJLI uliLLo Sj c Ia i j A ^Li^eJ ijj 

^1 Jii^J Ji^ (jjJ-!I J ' I ^Lj-^ C?^" ^ri-^j-" SjJLiJI Jjls (jlr Sj^M C 

.BjLiJlC s j J CjIjj 'i f u 
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s ,200X0 
* .> 1 coccco 
G > 10 OM 000 



<fiOKMLAUiBMM H H 



jj^s Lljl! I * ) Cj L±j_l>. f t djl i ^" , ,,t L I L^j La I JLsej-i^i 1^ L^_ua !^_>. ^yic 
ZerO- d-L^aJI j sLSJiJI CjI j CjIjJLUI ^Lj ilif j-j-^LuC ^j^yj 5 j>^1 

Fe° iJLh^ jljj^JI o^i-Vt oi^j 4 valence Metals 

«UljLSJI Jlj JL>J i LHi ij jj C i\ • j ■ ]\ j j « ■ <aJ ^ .p » O i^Xa^J 1j (j A ,J*^ I 

i>LjJl1 U ^.J^ aL^jOJ 4 jjjLlII JL)JL>JI CjLlj_ij>. ^Jjj^ . L^Ial JliJ 

(j^j^SUI Jljj ji^ L j Jli-a tjjJ£L!l CjLi^jJ, <L<sL_uJI Cj Lu> jJ L^J I £j\-j£jj$ 

l 4_L*3 J^i£JI ^_ua_LC ^j -1 ^ C-t^JLl CjL^J^>. ^-Li-aSo (J^Jj-Ls ^"^Ai iCCl^ 

Li^ . <Gj_J L) 5j Lus j d La j ' * Cj L_i£j_a I c-t^JL I <Jjjj>u^ 

JLli-uL^I ^__ua_>. ( jjs £j\s>s-x i_u^Vl j < ^'"^ ^I^ILiL) 4_j^_iL<J1 JL)JL>iJI CjLlj_i_v. 

j ' ^ ^A^i^y^ 4j^HI (?LjJLLj 3j^>.jJLI <L«l i_uJI NO x (y\s^^jujui}\ 
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£iU$1D yijlj UnJI -wU*4 £iUI L»$j£^i 

4_^3^>JI jLII SUAilLt |^LSUJI jjjhin - u - u >JI uLu> • 

I j "I j 1; ^Ll^I! fj 'S ^alSill! t_gj a i J JJL>J! j < a *»t d £jjl_Lj! <Jlil iuac]J 

l_gj-JI <LaJiitj LjJk! JUJLr»JI CjI n j-v j i ir> ^\ SjUj-il! Sjjiil! dJ LS 

JlJJl^>J1 ^-iljii 3j-u^ ^IjLct Ji^>.jj 3j-u^ 4_pe_Laj_u cL>.L_u_4-i ^ $ * (j?-*-*- 5 

I j U I r..< ^j^J jj-*^ ^-* /5 iOl jjj^tl lL) taJ 4_j^-jLr»JI ^Ja u/VI 

lij dllij l 4ia uJ]| cUlj^J,! jjj ^yifi. L^jjJSj (^jLuijSLII 

SjJj ui 2jj . V.»H CjL^j-tLi 4jj1LI 4_l3jj>JI oLlII (j-alSLa ^1 Lflje-Ja *u La 

jj-LaJI ijr 5 ijr Al_Lll1 4_o_t-a (j! ijr II LlA 3jl ilu^M jJL>*_aj . t_oJ! 

3 tj j , .m JiseaJI SjJLaJI LgJ ^1-^5 ^3 udl JUJL9JI CiLujJ 

dilj£j 2L£jaJI oLJil ^LG j^UI 4j>J! CjI aJaJ 3-a\j3jJ! J uiil J>U- (>a 

S_LaLSDI cjIjjUI 5«. LoSLi J^UiU L^iajj JU»J1 5 -j, 1 K' I j_a>j iLgJ 5±aL>JI 

. L^jJIjlj SjjjJLj SjjjLJIj 4jjHaj|j£Liil i 11 U j^j 

£e_ua ijr 3 ,>.«t1 (Jiji ^^^3^^^ ^^i^^ 1" *** t,^- 3 ssJjjj 

L^Ialj. ^IL) jl LiS^M 4jjjLj JUJ_>J! CjI u (1)-* UL5^-* ^ 

1 JJt ^c_uaj L^J ^J_oLj>J1 Ja i_u^J1 j^JlJ aj 5j 1 ijJLojJI l - u - a cl)Li_j_i^t_i 

Sji^^LI Bed Rock ^LiJI jie-^> 3 ? ^Jl Jj^sj S.; uifj jli Js> Ja^ikil 

^3 Jaj" . I j" >■ II « a -i!j-U 4_i3^>J! e\-jX\ tLajJaJ w La i oli ^Ja ijJ! O-ao 

Cj^LiIaj i_u_a ^H-a ^^i-^ ' ^ *" L)' ^-i^ 'J i"*tJl-i luX\ A 

(^Ic j I tajj -(2 - 11) JSLAI! ^ (>Ujs jj* Li^ i5jjUI 2 iJaJI dJJj 

>.L>. Jli^JbJ! jj>*L>.)) ^ Ha ' a rt CjLi_u_>JLj 4j^jt- i"iU 4_jJi^_<ijlI1 i>JLA 

.«Contamination Barrier ii^iiJI 
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(jic SjjjLill JljJuJI OLu-U»J 3 Ii^L>JI 4-ilajJI f.\ ijijJJ 1 g U jeJ j Lfcjl uul 

CHCI3 ^j^jjJSLII j Cl jji^JI jLc. AjjU^.tl jjj j, CCI4 (j^jjill! Juj^K 

«Lu Lu «Lu». CjUjjI fj}\ <t! jj^ILa J JJuxJI CjLu-o. (jjLjj iij-uw ijlj ji-^h — 

J)y>-J ^ 4jJLoJI CjUjjjSLI^/I f-J^uj - C 0±p^\ 2 JJl^. (jlla '.' i5-ur uJI 

Fe° — ► Fe 2+ +2e" 
CCI4 + 2e - + H + ► CHCI3 + d' 
ULw ciuL o? ^ <*LlU i{2 - 11) J< A t L 

^ jc£L?tll1 ^jyJLulaJl J A,\ ^utj Cl^>o i-dJIlj iL ^jj>.Vl 5 -p*LJl £y*j jlAI 
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£|U$1D yijlj -W~JI idltiJ ^iLII L»$l£*ki 

f_jjs ij^jLJI 4£jL ui^ jujl>JI cjI ±±^>- lJljIsjj 3jlr La Lc «2 jSLj^-a^l 

(_£.} (JiLa 4jj jar»JI CjI JLjuJLIj jjiSLll JJuCLa (Jjjjjlll (^Ljj Jj-a «Lm uA\ 

^Jiiej 3ji£.lj Cjljjire-a J^lSjlll ii ir-i JUJl^JI CjLi-ijj». JS-aj dlljl^ -«(jjJ 

(j-a i_jjJi!L] jJsj (_jjJlj 4jj1U 4ji3aJ>JI oLxU (j-a A.S j. :HJl}-^ *— J W^J _a ^-"j^ 

Lis j cliij (4j ^Ui. oLit^jj) As04 j (^uMi j^j'jj) As03 

I $">^ i - u Jja-aj *— 'rP* j VI ijr ji 4_jj^l!lll CjLiit-LijjJI {j\ JLjj i4xa mJLj p i n"" 

<J-ax. 4_jSLul£Lj_a ^jLs I jJ tL_al » * V>1 *j lu£ ^t_u «t_u_uLa_>JI cjl_iie_jjjjJI d j o m 

cLjJLc «Lu^LjJI CjLiitjjjJJI S J i X I 'Ljjij^ cr^- j*J^ 4jjjLlII JUJLaJI Cj I m j -w. 

(jLijjdl d ^j* '"-^ 'L; ujL«j>JI cjLjiejjjjJI i_j £j-a (jj^SiJ >L1I (jl jlII 

^yjj (_Lc.Lj2!I ^<ujj . 4j i_i — ujjj (jl JUu 3Ja^ — luJ «UI <j-a LglJIjl <jSLaj (_g jJlj 

: (6) AJbJI cALcUUI jLLI 

Fe° + 0 3 + 2H + — Fe 2+ + H 2 0 2 
Fe 2+ + H 2 0 2 — ► Fe ni OH 2+ + OH* 
OH* + H 3 As0 3 H 2 As0' 4 + H 2 0 + H + 

L#ia 2_jij>lill cj! n i^.jUJI 2JljV Sjjs^jJI tfLJ.1 2^>JL« ^ 2j«j11I aijiaJI jLa 
(^11 Ji-IjiJI ^ uLdlj JSL^iJI ^ qj_J.I (jlj^Jlj .(3 - 11) JSLiJI j^sjjj 

iaj^. aj 3eJ j 'J-ijJ' (j-a ajjl jjl ^jjj^sJI tfLjJ.1 Lfelg J-«-i Cj^=ej i_ S^c. SJlC 

aj 5ej ^ J^/l iajjJI j! J scja 1 1 j j I" (_ylll 4j5jJiJI (j C 4 n I" ^a ^l^a J jiiTij 

^UJ 4^Ll«j^ CjL>JLji^j j^jjIijj CjLlLi^. J^li- (j-a l*JJ!jj n)lj<ill <Ll!jVI 
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<LL>.j-a (j-Aj i<tl>.j-a jo 4>l JJ>iLl Lkjl uli «L* oLjJ.' Cr^J 

^>Lal (j-a l_i '-"'jIJJ '"'^ ^* " (jJj I j *- 'J CjI jiejjjjjl 3j_ — ui£T 

(j-a SjjSLa cLLlL» (^jJI oLlII jIj al (jj^ia (j-C i-dJij i4j i-uLa-iJI CjLiis-UjjJI 

t_gj JljJL^JI CjLijL^s. w L: L^al u±a 4j^Il>J,I «L«X.LiII JLajJI (j-a liaala. 

l*JJj J-jjJJ • 3-aLuJI CjI m i,->jL>JI (j-a (j^alielJI (_Jjjxj *Gla i "i (_£ jjlj J^lSjJI 

Lgj Cj^VLcLtill i— kStpjj i4jLil! 3jiIL*-a juu L^j I j cj I—j— i > <^ j L>J I cLlo-^ 

Jlj£. I J J a ^sSLaill <_u-Ltaj (jjJlj SjLcLjJJ «Lititil J^IjjiJI (j-a <tcj_<jj*_a (jyl^. 

«j^sj^l ^&Jaxti Ci>J j>L_i-!L1 -Sj^-J 
i—jcj (jlll SJlC.1 uiil J-al^j«JI /<uSif Jua. f (pH) Cr lL>.Jj l J-x$}\ J^jUJI j-iajut) 

«Ju_u£I ^L>J jLajJs CJ"**^ J-al jjlII tfjuk ^&sd}\j .jla (_)£ tfLjJ, 
(j-a <Lll j-a dlL^j-a ^1 L#by>uj «UI (^ 4jI jJU CjLiitjJjjJI CjUjjI 

^e-La i ul ' j i *-»"l"> (^y^cjjL^-ij (j^II CjI lae miII <Ll!L_4j 4_u_ui_<v>JI CjLiit_uj^l CjLjjjI 



3Ja i-ul^j I j" N j) ^UJ (j-aj Fe(0H)3 JljJi^JI Ju uiSjjJljI CjLyjj>. 




: (3-ll)jS_iJi 

. J^liLUl "jgjJua "iu^jLJl jujl^JI OLmoj» aU* ,.a^x iu>JLail t 
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£tt$lD yijlj UnJI iyW ^iLII 

-.1 .u'Z^v.i sM ,ti .a ^uti^tjj'.i - ,ti jji (ZtLua» • 

3 ii U" 1 1 <Ll«JL«JI CjLaj^/l alil j i\ ^.5 1 

oLlI,! ^ j 2 ~ jJLajo ( _ r sj i<L«Lc. ^ a ' ( _ ;r LuJI JLaJU ( _ r a jjLlI! I jts-jJjjSi 

^a i ^tAj" i_a^u Sju^a JjijJaJ (Jj^jjJI i ^ a j i a -~ II 4j».j 3jjJLU 

Sjj ' a£ CjLi^j-o (j-o sL^jj-so L<j-« 3j^ii! sLt3^>J! 0L1J,! aolaej CjI A <u: 

. TCE (^GjVI JUjjJ^ ^^^Jj 1 j'-i'la j 1 , ^ i 4_LL = ,j ,_ujij <Lol ..u 

j»^e-jJ! 3jI lij (^^Ij^l f.jjsc~i uij (_gjJI i_<£jj.l I j-A (j? <_a^_«i,l jj-aj 

cjLii^c ( _ T a j^jISLJI ,_jL>JI (Jj^ls 4j^jj>JI «Lili ^1 1 iuj cj^jjJlj 

i>Lj_o «LjJLuJ SjUjJs «LojjJa ijr I! J-t-a^IlI! La * uiljj « iJ? j>.^J^_tSLlI ! Lo*j^>.» 

(jja 4jjjlj cj! jj j-v j»!jiitl<j/Li di! i^LjJ! TCE t_^j_o cjL5jjL>. (jjs jLi^M 

<JLl3j d ^ i U 1 U . a 1 jjl 

(jtib^! jLc. ^1 4ljjr>oj TCE c-i^j-a CjLjjjLS. j_i LjiSij ( _ r 3 j»jjJ^LJ! Sjjl^ 

— cLajIjJlj O^LI! dji mil j-;^. ^^u^jj^jjJljL^J! CjIjIJlII (jjs J-^J — 
Ljj>- jJjiSij »1 n lr gj. Jj^sIjjj . I ila «Gjjl^ ' L*-U3 100 ^e-ij iiJ I 

dLJLI oLe <j-° Ji ^ 1 cr 3 '3al!»SLi i ^jLJI L^>.^JjjSij o Li-j 

Membranes 4j i^Vl (»>S3j .Sa^UI t_j j uJI ^Lw 3jSri ^ ^jiie^ 



(j^ajI S^jijiia ^L^- 0 i' ^ "j L^JK Filters cjL»jI/jJLIj 
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^_ui j^JI 3jJa j^il (j-a Ultrafiltration jiLaJI £_< £, j^Jt ^ ^L> 2La 

LlII CjL^t t— fljLuj . CjIjILa^jLj 10 jILa^jLj 2.5 j-O l-# i-u_ul_t2_a 



J*C i'ill 4_uj|jJL>. 4j-c^La slia-iIjILa i " 1 1 2 ■ Ia (jjs «LSjjJaJI i>JLfl> ( _ ;r 3 4jsjlitj uA.\ 

4j^jLj ^\ uloj Cjl^tS ^ya 5_j^£La «Lo*L>.jJl lJsLjJ^M d i a jj-* d cj * i a rt 

jLu ijr II tfl-J-U ^yzjjju jjj-ilaj jJt£. «LjJLuJIj '"|>-^l I JLuj . jl_La£^M 

4_ti_LtL>. «LaJLc CjLil^j-a a 4j^j_r»o L4-1 1 laj 1 1 a U ^Ij $JI 

1 La 5^ jjuuJ <jjJI ^A>^' < ' J ?"J' Ja-l 4_lAc.I j»l uua ^1 ^-LajjVI (jir (jj^ll 

(^Jl Lc^>.j diljj 'La>j^. jjjj 1 U r« H2O Molecules *LU i^Luj^>. jjj-^ 

^ ' ' -J, 

Ol ->*'» jl LaSl (J^ijjLLo ^ I /Vjl Uat jLu! JUp (^lllj «ULi 3 SJLtJI jljll 

JLu_u^t jj-* gLjSLualjJ ' " -il 3-* (j^ 3 J '" a n Cj[sc-ujjua 4_j i * < aj j^jjJa 

Ly^oJI 4j^.Li Iron Oxide Ceramic Membrane jujljJ! 
liilij Reactive Membranes 2ui^L£]t 2u i^Vl 

. I *j LaJj (j^ ^JJ LajtJI 

^!^La^/l I j 1 ^^"-"^ Cj »>-I>c L« 1^1 liJJij '3 illieJLl 4lla ifujfj 

^ t-uLt (_£^JLJ 4_L£.l_Lt*a CIjLlLiaI 1 1 1 1 1 n J^jjJa L^-i ^ ul jJt 
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£iU$1D yijlj UnJI iyW ^iLII L*$i$*id 

Ul^JU^j tfLJLl 4_ti^ cul .Desalination oLil 3 jJL»j; 

J j U- i_gjJlj Reverse Osmosis w ,.,<«M 

i S UI ^ 3.^1 jJI a*VL> JiLi^VLi Membrane <j hiL] 

. l_^J^L>. ^j^jjfcJLi 4_La ^^La^/I £-J^j_>l Jljlj ^j-S-Ill cLcJJ ^ o i uj La_Lj_i 

Jlju i n*C * 1 1 ^-UdLlLI! 4_La (_ul jLlU 4_lL>o 4_j_L23 ^jl t-_3j)jjtJll £)-a ^ 

<L*itxk> diLt^ I jtj» iij <_J Iaoj O^p- , 2 A K", 1 1 5_JLc ■"«! xL2lJI (j— a 

«LlU sLlLso i " 1 1 j i 33 ^j^Iaj ^ 3 <_La^/l ^jLlJ! Lp^jJ^jSj ' " ■ La f ? J 3j 

<LaJljT-**i uiX\ 4_j_tfa£,Vl cLcl i i ^> ^^jJa 4_jj_)LlII Q&j^£L1I c_t_uLj| c_<jj^>u p_) <^- :> * 

j»ljje3 loiI £-a 4jf 4-uljLiJ.I J 4jLu«JLI t-JjLscjJ! OJ^? JL3 J . 3_lL*3JI ^ 3 

A-t i_u_b O-Uaji^t-il ^ J i 1 i CjLJLj^, (jLs 4j^_)LlII Qa <— 'tH^ 

2k ^ ,„<.ll ^UaLlUI 3_i-L23j La I il liUjj i3 jlJ.1 ^ a 75 

CjLaj^ (j-a 4-3JjJ,l qj i>^-^ S-'rh 1 ^ <_P-«->_J 3-aJlie3 <-ai!j d A K" 1 1 

Ca> ,*j".lAtlj Cl Ltla-tJ 3j_ujILaj 3jU^3 j^Lua^a .}L*-)VI 4jj-iLj 

j' 

t L^J^Lit-) ji^jjlII ^j-a ^ A itl ^Lll CjI jj^j>J i_u3 CIcjj*-) L^jL*Ii£ p i i aaj 

^j-3j I jJ ijj a 'tl\ *U,I £-a 4jI jJLl ^^La^/I CjLjj^j». Jj)j-a i_<j5tr>o La_Lu 

.Molecular Sieves 2_uj3^JI cuL^j, ji\ /\ Ji-LUI ^Lg-<u 

^jlinifUI Jlij S-J>iLl ^Llj^O- lili j£j tMgO 4j^iLJI ^linifUI JiJ u^l 

Ljj_uSLJI (^Ic «I Lklll ^ Sjjj i 3jlr La jljll ojut i^Jijjj .j =>J! Mg 

dilj£j ^Gram-positive and Gram-negative ,»1 j iJI a_J| ^ 3.^.^ 

oLj-aj jl».j3 ji^ ^1 Bacterial Spores S—jj^SLJt p /■! j^>J! 5^1 jI 

Quantum pSLIl JaL2j p_<j/Li L^jjtjLa ji 3jjjLiI! vZjIj^LJ! j i ^"j .^_jj_<SJt 

(_l)tjj SLajjtill 42jLs ,3^1 "La ilui ^^ic , ,i ?f Ulj Lj i^iif-Uil DotS 

Uji i I j^a^jLj 20 

, L^LlLcLs 3j_u^ (^Jl (.g-SjJ ! j-Aj i4jJLc ^Ja u/i 4j.l i .ia Lgj , n'vj 

.4jj_uSLjJ! CjI nj i .i->JI ^Ir r I . >. S 1 1 
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(_JJL>.I (_£_a->JI sl^JLi 4-jjLiJI dilij^iil 4 i f m i Sj <i" mXl S^LjjJI JUij 

' i " tttp. <j»$jJI LULc ^yfl <Ljj uuJI LgJLa ^Ljij ^yljl J£l uiX\ jjjf 

»1 «lir tilJ^j Lo LojI.} J .j JuJI jjjo (j^j^La (jjo ' ^J-* 

^->JL> CjIj^ULI t_< i-uj ^Lajjl j sl^JI Cj^Ij <Lig&jL<a]| 4jLcjJI j i _iLa ! I 

i_a-jjj| (_jlslj^ol (^jjGj .SLs^JI Cj^?L>.j (_p3lj^oVI (j-a j_uSLj «LiLuisVI <j^JJ 
ijj-ajJLI 4jjI^JI dil i_)LgjJVI j JJ>JI ^LlLiIj <U ml i .i -»Jlj 

J! 

.Cj^lil * I^JI ^\ mi i" i ii V j«jl jJI ,_P=>jjLL1I *Ij^>- (j-a j ilijjl i . i j isi" (j^J' 

i _y-aLiJI j«JL«JI jj_ J i_l^-L>JI Jj-i f 'j^' *— 'J ^ *^ J ' 

3 1 ; , ^tl (JjjJI j-lLsIj^i 4j£LfuJLI (j-a Ct^^ ' (J^^" (Jj^'j 

«Lstjjj <Li — i-uL-aj»Jlj JJj-ll (_p=l j-^sl ,j-a Lgj K ,„ ^ o- 0 ^ 60 

— LjJILuJI — ^^^llLuJI jlj i_u£t ^^Lj (^jj>. L_u_a ^ j_rtU i_u3 i Lii i_o Ljj^ii L<^ 

^1 i tr-tVl ^Lljl CjLcLu-a 4jt ^ 3 *' C? ^ r 4jjILaj)j£Lj_a Ti02 

J' 

jjJj ti^p. niijj — ij/^LJIj o^'-f^Lj *M-taJI — °j 

<Lji lalSgJI CjLaljLitj i_uVI IjLlhjj .j«__]L«JI (^jj uj-a L^-i-a 4-»3t-il3 

L^_La CjI u i^w c^tlul La Ijl tiJJjj ^jlijl CjLal JL^-**t t ol L j J luo J I Jj-o^L-u^ 

oLjLp- tj<J-f> 'J^' Jjj * i' (jJ^ • IjjjajjLi 50 (jlc- jU-iI jujj V 

<-'T>- (jli. 4i5La Sjjls Ij^a^jLj 50 ^ I &jl Ui j| »jf JZj ^pJI LulpJI 

V (_y4a IJJ ij_J>ll <j-a -j .^11 ua>] V L^cSLIj i4_L5c uiiJuJI 4j> iVl 

2 t ui VI J-Us 4jLir«Jlj SjLa^II (j^lj^l ^yfl L^-aljiitj u/l Jj£. <LaLiX. <-i j i n" 

4^,1 i ir> ^La_b (j^l jijlitj ijtj lJr ^ (<u <j-aj • 4^jL>JI ^ulX ■ nAJUlI 

.jmi i"iT1 4_iL^aJL «Lt-aL>JI ^J- L ajre T jl L<ajej i_u_aj 5^ ifu-JI CjLa_jj^ 
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^UaJ ^UtL*$J^^ 

j_La i_ut *^LLs <j 7n ijj Ll^s ijr 3 L^-La 4_jjjLlI! CjL_i_u_>J1 ^ jJtH i_u3 LlUjL^ 

4_u j tiaJ 1 Cj \j tL>*X 1 ^ j 3 1 (j a Cj l i_j_i_>J 1 d jjj Lj I ; ulLuJ 1 J *j j 

^L£j jj^oj il^J 5 j ~ U,,.f j^^j j^ui^j ^1 Photocatalyst 

j J < <a t (_^>- J i ^ im mi 1 1 «L» iH/V L^scJa <_u t C t '*^>j-£- L* t^J l±U i LjjJISLjJ 1 j 

£)Lj3 i3jUj-ill (j-oij >J1 (JJL^J Lc^>. j J . d<J i_uj^laJ1 ^Li_ua_o (J ILa ijJ j^_<J3 

4j> u,l a O La! 

^ Aj^jLJl LjjlLOil CjLjUjJ JLaJJ 4_ul_iLJl CjL£j tUl ^Jo-J O^lS JL9j 

N0 x 3-aLcJ! 

J23 (jjJI LuILllLI 4jjjLlJI CjIj^IjJI Jljijj IjLA .d 'h j U sL2jJlj^5 CjL£j_a 

SjJejI (j-a (j^alselll ^ JLa-" i uJ SjLclj .S I _jjs tliljUa jjLj 10 Lgjl n jLLiSl 

JljJ^j CjLLa^t_a_i JjJ-** ^—^tJ-*- 1 l£J ^ ^94^ 3 ' *" OH"^ 3 h3 ^ 

^J-S3 i4-L»-uLaIxll J"1 '"^ 'L* "'l ^.J^J Cr^3 d J.'J 4^LLaJI 

^ flialJ I 4jJjtAJ! '"«I iLuIalll (j-o Sj_u^ ^ a. I i ■■ a 4j^jI_LI! LlZLllII CjIj^Li w SJj 
La ( _ ;T JLc («uLa j^>.jIlJ! I JLAj iCjLi ^La (jjs <U La i \ d JLa^j 

(j-a CjLlaL>JIj «UlseaJI -LA I «_al! 4jljLl!! d j n U 11 (jjjIjJLl (j-a JjJljlII 4jJjj 



white 
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l_La^_i ijr Io*j (^j-UsLU Q^ aJI ' a ' aj * g J_Lo 

£_j_<3j>. ijr 5 Lu_u_uj Lj^SLaj ^ i j rt ^ ' aa *^ 1 J_A 
L^-a JLa-" 1 1. 1 ( _ ;r ll! 4jjJL>JI 4_uj^SL!l Sj^jv^/I 

j juJa . Nanelectronics 3 i^LJI . . . „ . 

UJI . a m 
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jj^^Lj^-ijlIl »1 gir ^Ija LajiJi^. 1948^1jiJI^! jjj^jj^^l^l^p^l^^bj^jj 

(^Kj i (ajLj 1 «igljajj Walter Brattain j_> j j John Bardeen ^jj _>L 

jJI «jj^ Jj» J^Uaj (jj J3.LJI (1-12 J£ jJI) William Shockley 

. L^J 4-jL$j V LjaLsIj iSjjJl». ^L±jj/ «LaLaf ^j^J (jLujV! jl i n a 

<U^L>. £yz jLliI! i-uj ijLuJI Jj^jGj fdala cLajJi^j ^5-23 1 Jl>. 

i4_lII (Ji-ljJ! jLjjil **-*r!^ i_3^tji>! £- o i—aJjiej 4jI "ii-o. Oulj jl, ' "i' 

( _ ;r l^. l.lLaa£.l dJJjj ijLuJI Sj J/ ( _ ;r 3 j&SL-tiJI 'IjJ^ uyjl^jJI L*J* 

(Ji-jijj .(jijjSUI (j^-j 4^jJI c^jJto-l (jlj gSLil SjjIjJ! --llriU J i'* 
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lLs LLaJt, 1 (JlLa SJjLc _ll ^ ^J-LajJ^/l i ( _j_uL»_iJI dll jJLs JlLa dl^l uzs 

d! Lj _gjj£LJ V I _5 J^>-J i_£ JLa ^^yic * Lb ' a j i i aaj 1 1 I JLfls (jyjj J . <- i mi *»J ! _J 1 

Sj^>J! uliLjj^IiSLI^U 4_t-gjeA.il 4_3L__CJ! (_paAseJu Lxi_-j_i 1 JLas t uli I i -r mi II 

((jjj Jji^j-Ljl 4-ajJLc j! 4jj_5j) 2jJ lAtl j jA SJjLtll C3 a 

ull^Li^saJll tfl i mi I p ml I j jt^ (j t LaJ J I ^JLl (j-a =Lc ^_aj=-a (_i!l_Lfls (j I JLo. 

^3-^La > j>Jlj t jj<jlj,.i1l Jla iSemiconductors au^jll «u^i j| jll) 

I JLgJ £_Uaiej - cIjIjjj .-uJjlj^Ll! 4^:1 'uua ^ 3 4j uiLuVl j|j)II - 

j I jULa '■^'tP- '2 _il ^.a I £j ^SL! tiJJ i j <_i j i i oli H 

. SJjUJI jIjjJLIj 31 i^jJLl ^IjJLl (>u La S L^Li^pSJI ^ 4-^j*^>JI 

3^t_i ^a_uLa^>J1 LgaJLaJ 4_uj-^£LII 4 jl (r^^JLl n i^JLlll (_Lj_j t-u ^1**» 

t^Ls^jJI ^^y^ LgJ o j 9 <_d t ( ^> (j^a-tLa ^j^o-tLa ^1 j! .tLa < T ^ (jj jJ^i^H 

(jt^Lc ^ . 5^-a Qa_tl_a 30 jjj*_Li ^^^-oL^e-Lll 3~^ 2 -^ t ^Jj j k» * d)"^ <JJij L$_l I ^J^- 

tfL lil _il j-a tiJJ i-uj 4j_5L*JI 43_>JL!! SjIj^v JLlC 4jl (jjo p-C-j-II 

jlLc LjjL^-i u ili^llu ^ a i gali tfJUi i4Lua^JLl J I jjJLl i u Cj^Luo jjJLl 

4^.l_Luo <_ <V°tj Lc ii 3 jU. I — (jjSLjij cuJI j t.ajjc j i.Lij 

j-A, LaS i ^aLSjJI cjLij^jSJI p^ol jo^jic j I Laj j iCjljji^jSJI «iji-ijt 

i La f[j ~ i(j^£Ltij ljJI SjjJj J^jSjll . (« I »2 — 12) ilJI (^^a (Jfi ^a 

i4 i d ) ^ LtaJutll ^j- 4 L^J 3^jLst-a 5j j £_a (ji^£Ljij t_uJI CjI^j j £y& j 

SjL>.| jJI Sj jJI ^ j i ea3 ijoj _3 • ^ J o i^l L^iUJI tLLuIjJI ^ajIs Jj^. liJUj ^ 

( _ ;r 3 (J^+A jjSi LaS iCjljj_^jSLII 4__uLaib 4-LsL^-o L^jtSj (jaSLjij ljJI £_ya 

.(3 - 12) JSLJJI 
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Oj<iljmTI aji (i) 



1 



N, 

'H \ 



y 



T i i \ \ \ < 

1 ! t 'v A i t M 



\ 'C- 



.-V 



4 v - 3 

C^J^ 1 Sji (v) 



^ 2 ^ 



(2-12)jsLiii 

Ga f*JL»JI i AS j^jjpl (v) 'Si OjSLJLuuJI (!) j-a LjiL^il aLuil JljX 
.(ujUSUI I jl& l^JJ^ -'j * J^tTiTI ''j ajj f«3 : j UaX\ 



L^jjjj^s ( _ ;r a cj^Li^sjJi! oLj J/1 (jLa . jj 1 1-» 1 1 j a , ,-,11 3j|jj>. j 

JL*j£I (jjtljj .(oLj^pSLIl <LuUii) oLjjj^SL!'^! (j-a w LaiVI j »JLi 

(^JiJjj .(3 - 12) J£ jJI ^ j-c^a j A Li£ ijjJaa-ill oljj I I i^it t 
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jlj y, , ,,l 2Lcj^j ^yJJ ^LlILi Ijla i L^SLa j Ltjj i ..'C" ( _ ;r a uijj Lx^3 

.HoleS i -ijJifill jl Cjl^jtAIl j<u-uLi La I jl*" " (_y£ ^J^j CjIjjU 



y ... * 

* • ( •si; * 


! }{ i •si/ f\ \{ i 

"*■-•-""' *•. 
s »;' ' „«f ">T 


— ■* - 
„ — «-_ 
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vZjLbtAJ 4ioL>JI v2jljjaiiJ! jJL£. ^ SLali£ L^LjLjj i4_JLJI vZjLbtAIl vZjlj 

J) 

Cj!j jJ (_fjj>.| CjIjI Jl^j jJjj CjLl* ilJ! 'L^j. jjs Cjljjajj (JjJ>«J (j' iy^l iS J j i 
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I glila-l (jyjJI CjI j ss a]| ^^a LjJjal j-a ijjj La (jLcj iji Cj LjjjJiSLI V I 

i S JljJl». di I L&siljj ^ alae a i3ju Jus. 1 Cjl^jta ^Laj J J licIL! 

Sj^aLi (jj^jj tiJJ Jljj . L#J^Ll>.Li CjI ijjjJjSJVI (j-a 1 j-«jx-a j»ajsJ 

4 _ ;r a (JlLallj jlj_2lL<-uVI ^JlC {_ya 3JL>- i ~ ■ I ^" 1 1 Ju3 ,_L^^JU =Lj ii 3.} La 

J j i^-»_a3 La-a i4 t l>.jL>JI L#3lj|ji-a Cj LjjijIiSLI V 4_oj|jj 4-jjl.i A^j.^. 

.^^1 jLoJI 

(jj^jSJVI (jl a iCj^Lua^JLI i>Lj j_^LL*J cLl5_l1 I cjIj^LJI ^ 

«Lo^o-a 4 lae r"i <_J_a^>o 3^?e-a <l^t_a l£j Lj J^lLaJj L>J I j I jJL I ^j_a j^^tjj, I 

(j^ulj L$-l!I — (sLbe lu}\ 4jj>-j_a 

cUtaa-a aJ!>L~L>.lj OJl) J^LWI 3.}^C. -ijJcajJ .mJj^s-VI CjI !j|jJjSL!VI (j-a 

LU o.La l(jr L^Vl 

3JL>. (^yi Lajl.} 3j jJI (jaS^ "^r!- 3 ^ I ^-iLj JjJjSLIVI (j-a J-J^l ^ -Xc (3^* 

Dopants i_ul j ii 2_aL^I 3 j£La ^*L>- Ll& . jl u, VI ^o^. ^ 

Lgj) 3_JI lj/ i^jIj^Ij (jJjSil C^^Li-ajll oVj ui| [_ya lS>*-' j-^ 

LUi,_JI 

4jj>-^a Cjl^Jta L^j) 4 ^.J" 0 t — ''j^^J (^> J *'-" CjLj^jSLIVI Jj— a ( _ > iajLa 

j -i ' Laja (L^jJI d 'o mi 1 1 4jJI i-u 3_^j»JI CjLjj^jSLIVI t_jJL>ij A 'o mi 1 1 

^a (jj^jlj ' "II) (jj/Lij/Vl SjLL (j^ II (_Lu-^jjJI 4jj-aLi- ^ILaj jl^ a" i nl 

.(3JUJI «juk 

< ij|j tlu AaLual ^Jj^Ja ^yC QoSLj1j t_uJI i_u 3j^Jj QoSJjj^ 

As ^c_u^jj|^ P ^jaja i_u^jaJI (_JlLa Cj^La-ss^_1I (>l_t tlil ^a ^l^a-a j u^LlslJ 

I j"*'» I uaj (_^lj i^i II ajui <_ u i n"j . (jaSLjLi lu1\ Sb (j^a-uJ^?! J 

joj (j_aj uA\ «uji u 3j^>JI cjLijijJiSLIVi jjlc w a 3_^j 

j-a>ILi L^I J^a Negative-type doping 2_JLuJI i_j| jJJL u 0 , „" 

jil^a L^.^^1 i j uaLuJI alh jLpi.1 *ljj lJ\ ^ N-type 

^^cLijJI) oj^jlj < "II JaLCj (jlf t JaLCj cjLj cj^vL^jJ.1 aLi lit 
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£ya 4 i ii a -w JJl£. (J-a^tJ lu£j|jjj 3j_p-Vl ullljljil,! (j t (jyitJ L«-a i(J^l£wu1 
j_u_jjj| SjjJ j|jJ,Lj 4 i ii o -»JI di Ljj^IiSLI V I ,^ya ilaJi^ uliLjj|juSL!l 

U-jS-J 3jujV| (jjSLiLu-aJI t^Uj^pSLIl tiJ _p 'i" («i_j»2 - 12 JSLUI) 

(J_aj»_) £t_Uj)jJ I ^^ua Ju>. I ^ (j JjjuSLIl ^ 5 p > ^-^J- 3 ' 4 j o ifr 1 i uJ ^ La > L»_a 

J< mi 1 1 ^ua jsjIsjjj j-a> La£ i2Iaj|jJI ajui ^ua ijJjl mij V 2_JI lju 2_L»ui 

^ ju-aLidJI i>jufc c^ljj 4j (»>23 mSJlII jjjJ! I c^>-jj .(4 - 12) 

' " ' I j La t U jl CjLajm_i ^ a i n" L^jUs i4jJI uJI (jj^ jlj mi tl Sj^alj (jjjSjj 

(«ij .uuL^pSJVI ^_La ^ J 'io~U Lbjjj ^1 I jJij !jj iDonors 

(j-a i-LtaJL I CjIjju uij-lIjuJ! (j-a I ju& (J7 —lj-£J\ i^jIiJI 

4laL>Ji uuUj^uSJVI (j-a ^UJI dUj J>U. <>> < 4^11 ,„11 CuIj^LJI 

• al ,y, (P-type) Positive-type doping 2 Sj^j (j—i^Saij 

^jjJLiJI 3ji iL>Jij .B ojL>3^' J' iGa ^9 jJUlJI iln j-^^' 

oJjl—.ij («^.» 2-12 J< rJ\) ^U^pSjM isya, ^ UjIj^ 

Sjia^aJU cLtJjVI i_jLjj(_pSL!VI £-a 4 j o it<L-uJ sLLijIj *Lu±jI i^Si Lt-La-r>- ^oj^j 

j^icj -(5 - 12) J£ tSjJI ^uS j-& La£ HjjSLiij i-uJI ajjj JiLSwul jljoaJ 

-ia^>-J ^\ ^tJULlt Sji jJtLaJ i4_JI uJI Sj^ijJI jjJ^Sj (j— a ( _ > ia xS-tJI 

I mi'mj . tjj^ jlj i n II 3ji J-a 4-La-Al Injili stLijI^JI 4j j<iXii Jl>.|j (jj^jSJJ 

^^jJUlJI 5j j ! j^p-Vl jIjdLi ^l>a (jj Si njji^pSLIVI I jui t-jLii. c 

JJlC J^lj-J ^-a j . Li^LauJ i_J Jl^cuj sLjJLuj 4-Iae-ul mJJ j^>- jj^juSLIJ 

t _ ;r a i—a^jijj jW^' J j i^>jj (j-^- ^-O- 1 ^ ^J3^W 4-^>-_9-ll Cjl^jcjiJI 

4 M I I M t, I Cj^U-a^JLI <>LjuI/l JU-^LlC !_3jJlJJ i<_iJ>.jJ,l Sj^ijJLj 2JL>JI <>ju& 

.Acceptors i_j>Ll5uII 
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• / \ 

/ / / Si •., \ 

' ' l • ' > 


y v 

/V / Si \ W\ 
1 1* ! # J T' 

L ' \ \ f i \ s 
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/ \ \ 
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/ / / Si \ \ 
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/ / / Si \ s 
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X -* * -»•' X 

\ j / Si N \ / . 


^X»X\ x 

,' / Si \ v \ 

» { • j M 

v""'X* / X 


- t »i— i » "t z* i * * t 











: (4- 12) jSLuiJi 




. • * • • • . • • • 



x^.v^vrtr 



Si ■, % "i 

• I * f 



. " Si \ v / \ { r si \ v / \ / / si \ ^ \ 
• i f :• 1 • ; ^ H i i i M 



• » 



/ 1 i 



Hole i$^J* 



3^1 4 j_ual*J Sjj 



k-jjj- 4 "'j.'J^ '"^ ''J ;, '-' : (tu : J U^XI) .jljkll l-U^ ^ t itiM 3 'i -n ititt iUjv^a 3^«^ 
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cjLjaSLU ( 2_l».>U j 3_JI J I ) a*h^.t| luLi* uJI lu! j l-j!j_jJLJI juG 

j^Lbjjj . Junction Transistor ^1 .^~Vt j^i^jj! ja]| l-Sjjj U tdti 

l^jjlj (^JLl^jVI jjij_ujj!j_ll! L-jLjjSLt. Ltaolajej U luj (6 - 12) J< uJI 

(j-a j«jtr»J ! 4-ta.ui jiLa Sj^Li j-^j i E j-ojJ Li 4] Emitter LJ ! I 

jj L^a >lUj d^p. (N-type) ajbtAJI ajLu, cuM^aH aL i V S^La 

.cjUjj-lCIV! olisU^I 
cj^Ll^j jJL! i>Ljji/l (j-o 3 jU. Sjjij j-Aj iB jjsjJLi L^J j_a^jj Base 3 jlcLSJI I 

£_3J?e_Uj ti-LcLJI ^J-\_J ^LOJJ (P-typC) d 'f 3C uJI «Ll>.^_« jQJ?e_>J! Sj J< * tf3 

. L$J^L>. £yz jj^JLL) 4_l*_lLL1 Cj Lj^_L\]^i] ^<ini" ti_LiJt_l 

J? 

i-Vl cJLiJ! i_a jUl JiUjj iC j-a jJLj «U j_a jjj Collector ■ 



LuLj^LvJV' (N-type) 4-L*-JaJI SlJLlo (o^-JI « ca'^L^jil 

i—sljja! c_Ljjj_i (jLa iNPN joj-uLi iajjjiil oljjlLLuj_ilj_L!l (j-a ^LloJI £_o-l!I 

LlLa» «Laljlai i_iltjj PNP (0-luLi i_a^jL«I! Lijljj^ LuJjlj^JI (j-o jL>.V! ^o-Lt! 

.P-type .N-type <P-type i^bJI ^j-iU 

L_jl_j^i\_a £^ 1 l_j^Ll^oJ1 £-l*3J «t 6 — 12) loJ! ^ tJ J 

(^IlC j_l*3 Cj^Lt-a ^oJI jj- 0 fTjj (j-* Qjfi~^ ^tJ-*- 1 NPN ^a-t-Il (j^ 3 j^**' ' "j-ilj-lll 

3JLC.L2JI (jij 3 I ir^ij 3 fjLjJlj i3jLC.LiIlj O c LJI jj^j ^jVI 'j flla] Ij gla 

tjr 5 j^lluj-j ! ijr 4 luj iCj^Lt-o^aJI jj-* ' ^ a * f I Ij-A 4jr ll Lc>>-JJ , ^.gjre-t Ij 

(BJT) Bipolar Junction * LZLlVt ■ ■ a jj^ Lujjl j^JL 3JL>JI ,>juii 

iLijIjji^jjljjJ! (jjs g^jJ! Ijut iJiC liaJLi ^j^-La jj* LtiCa .Transistor 

. 4a jJ! ( _ ;r jtl_LLa ^j-^ On/Off (j-^- j' Jji'"."' B 3 jLcLill ^ j^j 
S^jLia JjJjJ (jr^ B SjLcLflJ! ^1 E O^Lill (j-a jLuJI JJJ-a l_li lojj Cu> 
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jLuJ! jjj-t jjj-Ls ^1 (.g-ijj Lx-a E ti^Lillj C £-«j*-U £p J 

^jLjj-i-oJI (j-* J^p-^ * L^-^J 'ciri - * ut^l ^-^J (jr^ 1 - u j- 1 l>-'-^ LU\!' 



N-type 



P-type 




type 




E C 

3JL»Lalt 



(V) 



B 

0) 









L + 



ja_uij <U3 ijrU-« (i) NPN £^JL!I ^jJL^ajIjj" nij-jl^L) Sj^^o : (6 - 12) J'? nitl 
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; LaJ 2_. L^L-uVl S^UI) cj^LuojJ.1 i! ^Ijj ^ (jl 

(jt-Lc Jj ■ ^» 1 1 t_3Jl$_) La jJuij * 1 li «LukLu-a .jlj-a (jr-Lc- . ^. ^ T I 

CjIjJLSJI CjI j 4j<jj_<-uJI CjL-ujL>JI CjLjJLla jj-a 3jUJL>. jJLjj».! ^ C I * ' a 1 

^>£j pJ 3jljJl>- cjI ii^s L#jI ijij^l S-iLU j j» i .=( jJL«JI 

J! 

f 4 ^ jj-jaj ilIiIjJLI ^jja (j^j^La 3jL*j L$J ^ j-- t— i !l <L>-I cuil S^LjJ dujuula 

(Ji-I .3 4jjjie-a 0-lL£ (j? JUlj r .iVl 0 jut L^jljj (j-a <JjLi> p^ jjJ-J 

4-3jL-u (Jj ■ a3 Ljj_uil La^j j j » i al 1 1 2_J ax j»Lao} (_L-S S-iLU CjL-uj>. 

4 jlr La j JoLfoj jj-a -\£>J ui V I *L>.I lj±a 3 jLjj (jLa h_iLjSL1I I JUfc ^jjs 

i^Lla ^L=tJ>.Vl 3j_u£ CiLllls. jj-a OJ^i' 1-iftjJI j-Ls LjjLsJ LiLa i3.il U 

j j'" I jj i4j i U^i-w" J al £_a J c I alj V (Jjjj j La 4j? JLso I ijLa 

(_£_oj uua j^^S (jjSjll i_ i rt> jJI jJLa CjL-u->. CjjJl^s La I 4j I JLu .J aL>. 

^jiitj cuj^^y^a I jJ i L^j^lc-^-Sj I (jt-ij uijj ^yic J-ajj tilta (jLa ij jLlll 

4-uLl«_i£ ■"'!_} aje »S 

(jLa_LL3 Jijl uuJJ (3^°^ L)' L '*-' j0 U_>^ ' a-i^aj JJj-^a {i—CjJ\ (jjicj 

(j^a Ij-JJ^ (jl-^ 'J-iLjJI I ;L>.jJjjS[j 2jjj ^Ll2J CjJL^a 4 _ ;t jJI «Ij^LiLll 4 JJJJ 

L-iJ-uaJ jl LaLaj 4 SjjJLja j^lC oJlj La j iLill joJLc j itljiaJI 

^IjJLI 3JL>- (j ^ 'a . 4jSLi <-u^LSLll jjj (j^jl I j'^-j a- j-pj ^ 4jjjLlll 

L-J Lalj (^LllLi I JUij i3jL>. (^yic 4jjjjLj «LijUj». ,_^lj->. p j flj jjja JU V 

iiJLLj (^jkj ^uantum Theory (p v.lyrtl) p£J| 2^ U ; t y oL^ i -i j £i 

L^Jj a. j 4jSLujj^LSL1I jjjjjj Oulj^ ^e, j — ■ i^JL^j CjI uij (_^jJI 2_ij_Ia_Ll| 
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t _ ;r i«j (^Lj-La geJJaj^a^a ^j^. j_u<j (p— J-i I^SL! I ) pSLll 4 «i Kj .j j-a^jLj 100 

ij>>J J I pj — <-u-2j £ l-=t T Lb I (jjlr J^ijej (j I (j£-*J £ l T i-*^ J^-^ 5 ^ 

(jjijjj ^La 5j a JS! 1I1J 4jjlj_LI,I cLaLLaJI jl J-iLa jj^. p£L!l ci< .p- 

Cj Luj^jSLI^U Haj I J^ajiJI p£L!l 4jj_taj JL»jj <-u-a pjl-i. JS! Jij 



Sj^ai^a 3jLi£. ^ Quantum Mechanics (p -Myrtl) p£j| 

JlaIUj !l sL^-loJI tj-a £j aJI tillj 4jf ^Ir 2-Laj u»j CjI 

3 i_olj (^.ijijj i_j jJI j i(plj|jSL!l) pSJI 3 J>kaj c-^- "<LiJil 

JlIc j . ( _ ;t j t ljj>J I h_jjijJJI n_jjjJI Laljj jilc 3jU.I i_i!^J l^j ( _>^>^ai» 

' a 1 a j ^Ir 3jjl2JI LgJ pSJI ISLuISLla (jLa i3j_oSLll ^1 > <i£j^- 

Moore's Law j>« djite 

oLlu ^iJI ■ ■ -~ « ^ Gordon Moore jj a <jjj> . U. ^ V 



cjLi^SLo ^LjjJ ( _ r a 3j j ^ii^Vl Intel JjjJ — «G^j-iii .m i hLj Jj^sj 
Central Processing Unit ^CPU) <j>^>J.I jJLU* olju>-j ^jj^I ^ 

tjryiLc PrOCeSSOr gJUJU p l^I L^tk: Jlk-J j^lie3 La 3jLc (^l!! j 

J' 

<taLi£ (jLs Sjij ' ' cj ! j^jjjjjj IjJlJ ! jjlc ( _ ;r s i 'nc Lu^jI) ! ju* 

u ^ji 1975 f l^lJ! j^ij ^ j2 aioLcai a—Lijj^jyi 
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ca^. ( _ ;r 3 Qa-)L2J! ! JUfc JLaJic.! JLSj .t_< i-uL>J! Sj^>.| CjL>JLjL4-l 

.(7- 12)JSLJJI ,2007- 1971 

Cj Ijj" i iij-i l^ll I JJLc (jT ^1" i" i .i I j-J-laj i-uj ij^^jJtl (J*\ i"i II ^\ j talll 'j 

4_LuJL! S_^Lil! jJ^Li. i ^ c I ' aj JL3 t_< .-u^a->J! CjLsJLjla ^LljJ 

.3j-o i—aJi 250 j^tij 

L&j^jj CjI j-L2jJI (jj-i (jjo 4jI (^yi itiJ <L«j (jjijJj 

«2 a^jjIjI J j-ij — ij^- 1 -^» ^ IL»JLL) 

3jlSj>JLI <Lul i h-»JI cjLiLuiJI *Ij^>-1 <Qcj i-uj i_< uL>JI cjIjjls 

jj uaj I 4j»JLjla ^ a 43ljJL9 st a£ I i a aj iSjL>.^jJI st jjLjJI jj^o jj i_u^ 

t^jLlll Lj_>.^J^_tS!j CjLuJij £-«J .Sjj^sjJI j *^ Jt - 4 UA ^ ' ' 'U ^ ' 'a \" se 

^^jja gLoJL?-" mi U Cj I j^L_u^j I^jJ I JLcI d 1 . ^j^o (_Jjj| tUj O-jtSljaJ 

90 ^1 j»JjJI O I '^i J cr^' ' * A v * *.'^ J -* ' c3d>^ ^-l^J ^1 =JL«J.I 

^j^oj . I^JLa^j Lj 130 ^ ^3^- ' ^ i n o^. jLLa Cd 1 JUu l^j-a^J Lj 
tiJJjij Ij^Lo^jlj 50 ^ (Jal ^lj>j t^JjljjJI jLuf J-i^sJ (j? jiallil 

^jlSIII ^ p^.jJI ^4^3 .31 t irttt 4JLHII ol^J ^Jl J!M-i- 

cjL>JL«JLI 4^.1 i i^-i I ;L>. jjSi (j La iCjI =JL«J.I j (jpLsjJI 4^.l_L^ a 

£3JU LfljJ i4j^UI L^jIjJ^j I AJjJLs- Cr'! ^-4i>^ J ' " 4jJL>JI 

. 4-uj)_pSLM I i. i i n l^->J I 
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uL>JI ljL>JLm ulj^LupI jIli^I ^ja^uLTJI : (7 - 12) JSLill 

.2007- 1971 ^ 5^id! JM* 



Lithography jfca^ VI j^ic iLcblaJt 

iLithography ^Vl ^^k: 4^LU1 2ui23 c Lujl>u <jf u* 

J^Li3 Molds l-JI Patterns ^jLu aIu* Masks 2u^! 

^1 Blueprints Su^L-^l J^jI jJJI 4_!j-U-> ^UiJI a jla jju 

j' 

^j-d Substrate (5 s .U j 5 j ijr Lc ^liLwJI (?jm> - La 5 lmH c^-pe-i ^j-Ja 

j? 
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liiljj 3_tiSl!l ajui t>u 4jI jiill Jla lia 3. _M J (<u>£-!! UI 




Nano-Lithography ^ta^Vl ^^ic ~i^\Aai\ ^ >jLJt 

Dip Pen Nanolithography (DPN) ^j-aill fdi!L> icLkil ■ 
Thermal Dip Pen Nanolithography (tDPN) ^jIj^JI JSUI 4nLkJI ■ 
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4jjjJI 3^211 i_!jS; ^ij^ 1 Probe Tip (^.. jL u4 <_a jJa i ^j'-^j" 

^51 jJJLi S^sUJ! Sj^iLJ! JfTL^J! *Li> ^ Atomic Force Microscope 
(j^ajilj ^jJ! JjI <-J! jjjJI (j^a <_a}LiLi jL uA.\ <^p- 3 jjjj^SLlV' 

^ — luL 4_3j)jjtX1j 4j9J_J1 «LjJLc 4_j_L3Hl1 o JLA . 0^ — 1^. (<i-»JI 

2luj}^J! jLo.Vl SjJLflJ! Direct-write Technique S j i LU 

Lu^LL 5j! j_U 3_jyiLJI jLU cuLSjJ^». u L: 3_j_9IjJ,! Molecular Inks 
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13 



I dLo. Sensors ol ^Lu^JI cjJ c. 

J^juj '"'l C I ]gjai\ JS! j 4 n 1'ieJLl .U"ll 

L^-LU^aj (j^-^-i jL» tluj-i-uVl 3^>J (jj (Ja SJI 

iJ_L^J i_uJ,l Lj_A i_o£ ^Jl O-O* jj- 4 
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Jijlj jL» 1^1" i nVI JLa-o d ^lc ( _ ;r a jjLJ! I f 5- ' 

O-aJijs Jiia t3_aj ri~U j L» mi" i nVI 3j^>-ij /"»1 . ..I . ..-.tl 4^,1 JlLalLtl 

oU-jitA^ut! jjG^I Nanosensors Su^iLJI cuL^L^J! jjUitrunVl 

_}1 jll L#j ^uCu (jyJ-II CiLaj -~>T1j ^_>J1 J-i^ tiJLukj . jjLUI Lo* jJ^jSu 

juaj . jL» n~< i nVI ^1 jiitj u/V! ( _ ;r a 4_ooj^-i j! L^Lljoj 4j^jI_LI! 

LjlLalSo j^paLiitjlj L^jjj d d3» J oLml i o^JI t i \ 1" ^L^tj>.l jJLt-a ^aLu ^ ^ i 

4jLcjJ!j <_JaJI ijjaljjjj « LLJ! JL-*-o tCj^\ i^iljllj Jiill JL-*-o I J Lu (j-a 

CjLlUjJ! l(J __a^UI (>aVl iSLi^II 2LaM uJ\ j (j-aVl t 3 ui\ jjkI! .^11 

CjLJ i ,i-»JI tfjijJ La (^Jl Lc^>.jj . ' ^Lulj ^LajJlj i^iaJI 

CjLlaHI j_if£j3j "^-^" ) - >, - 1 O" 3 w '"^3 (j^jj 'Lj-^LlILa 4js.i (j-a 4jojLlII 

(2r^-*lll SjLjj 5-aj S" U 4j_4jLJ! j U ^Lii! JL^a 3 1 i^ljHU v j j a< II 

tjlj jUiViuiVI 53-^-=- T <L> u/Luo-j Slsj o' <3.>LU oljju i_^:>LlII ^ 

Cjj^. (j! Jjlj 43jJLa CjLrtlla jjLJ! oLml i u3. Ji^J . L^aLao-! 

CjL-uI i h-»JI ijJLlll l _Lu u/ jjU'l i^LyiajJI LULs udb cLaiiLLa CjVL^a 

2Lajie^ uA\ dilj j! ^SjjLaOJ! JUJ,! t_jl_ajV (^J^l jiAJI ^ ^Lajie^ uA.\ 

A j uia- «LuS/l (jjs 4Jaa- La Jjjijo ^jjs LtJjLj Sj^.Lcai t_ij^jJ! CjIjLuj/ ( _ ;r 3 
5L3jjla ^ dilj£j lJiSIjII ^ Sjlj 1 sLsLSjI 4jLi£: «Lul ^ L^J ^LtajjVI 
Jjljjj . Jij^jJ! uuzj «Gjijo. «L>-jJj dJj_r»J,! Ouj ' La « i '— CjLjLu Jj^sjj 

isjjL^j iSjJiLLaJ! ^Lijjlj 3 jO-jL>JI Sj_jjJI JjsIjjlII ^Ir i_3jjuJ! a 

Jjj liullJ I 3.sLjj lj La j i_dJ J-i^l jjI! j-a-iJI I j-A cjI i^/l 1 .i-»JI 3x.Lu^5 
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SL^jLcJI jljjj JL*-o (j 3 4-Jljit.l 4-ujJLtJI iljljl <^i~i'iVI I j 4 iZjji JlSj 

ClLt-ul i ii3*]| t_£l_jJi^j ^£ J_AJ_a w ^JLdJ £yz tfjLjkLtiuJ La JjjJijo ^Jl 

(j-o 14x3.1 Laj JL3 I oj ^ J*J 'ktl jJaJI SjjLtaJI i^-ilj i*-^' ' 1 -'j 1 

jJL>JIj 42a-L>JI ji-i (_P=>jJlj £ Li^L£ Sj^-oJ L$£. jjs j (_Ll3 dUjj i3j_aJLa Cjjl^£ 

. I j^J^J 3 j il 1 ntl LfcjLjI (jjs Jl>J! 1 1 J^j^j £-it. JJj i-a]l (Ji-Jtill j! 

tLcLLcaJ t I . V. 1 1 i-aJI Jjs-J! ( _ ;r 3 £LuL*jJ 3jj i^aj I JL& (j "'C » il J__3j 

4jjLiLo ^LkJI Ijuk (J-»-i>J i^j-Ilj '^il — uLutsJI (jjs <LoJ_2ll,l sUjlJI dilj 

dJJj ^j>jj j uiin (j! Lu>i (^SLj p La ! jJ . %21 (j^s J&\ 0 II 0 l^LU 

(j! jJaiijj Ijuk . 2008 ^L«JI ^JSi jVjJ oljLilo 2_j}Ij (j-o j!£! (^Jl J-i^sj 

cjIjLjJLo 5_uL»j fjl\ J 1 2013 ^L«JI 4jL^j Iji-A 1 4 w. 

. (2) jVjj, jLUI 1 n, o", j 



*t>#Jt LjL^jla -luap ilJjjQ}! LjLuLiot^l 

ojut p a I iul \-j)£ 2 I * ■ ^»tl jjl j LJIj jLi-Jlj JaAlll ^bjl j I jJLi 3j jj£ 

l-SLpjl (jjLtj ^pJI Sj_Lli!l j 3 J-aLUI (jl JiLJI p ta « " ^ Sj-iiajJI uiil 

2_JL«JI 4-uK 1 nll 3_aLiSLJI (jJoLla ^ Loj^aa. i^LS <JI j^a-JI ^ I \j U « 

jj ' ga II (J_lLlj (J3.I * d ^ I '" ^1 (JjIaLm t _Li- 1 _i jl fiUjj>.Lj_a tJ^^J ij-^^ 

tJ -UL*]\ jjjkjilll (jjs j-'ij lSj t— a^LiJI ii^JLill (j^. p 3- lili 

j-l3jj (^Jl iaia i>.L>JI Ci-r yr>\ ipJUJI (jjs (Jj^s-! (jJaLla ^J°i j JjjJI tiiti 

Jlj-oj ijr 5 I j**'^ alj I J**'^^ JLl^jO iJ? 3 3_aJ_aILa 4_o.^J^_iS[j ^j La 

«LlUsjVI CjjJjJI 4j^lj_ajjljJ jIjLalj VjLS VjICjjJjJI CjLj_jj u±A 4jtjLLaj 

. L^lLc J j . ^ ^ 1 1 I j U >, t CjLiLljJI dJJbj 

0I3LUI ^Li^lj jU^sj 5-aJLa-" 1 11 U jjLJI '"«I 1 1 uj. Cj-Ja3. J^j 
I j Ia j dil i4ojjJI JLtcjs ^JSi (j^laUJIj (j^o-LJ! ^LjjjkLi (_£jjJI >l ^Jl 
w *^**'tl Jlj^jJI JLre-a ijr b cla^^ {_y J -^ JJ^'*I ^ * ta 5 * rt jj-a tfj^^j Lo i _ ? JI 

CjjI jSLIlj jj-AjGJLi j j u 1 1 (JL»-a (jSLI iCjIjLiJI (j-a ^->JI CjLijH (^j^ jJI 
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4jjj|jJ! .5 1 jj.1 j j ■ Jl 3ca ^ Jjt j-U ^JiZUI jJsj . I liaji S-ilijJI 

2«! Ult dj^-j,,,! JaL Lg-aL^aj LfliSllaJ (J-Sjj <_,jJI i2JajJ| 

! Carbon Nanotubes 

L ~A\ j 2 n^U LgjLal jiej' uil -SJju j^JI tjJaj dJJjj 3 mtl JL=" (j 3 

(21 * 

^jU", , . ' CjLh/1 i h-»JIj jL« mi" t nVI 3j-#>- 1 i ir-i L^ILajJLa (_^Lj 

cjIj^HI jj-v-'HJ i— al uu^l d Ijlg (j! jj (J^L>- 4j4jLlI! q^jj£LII <_i-uLji ciL_ul i hv 

J-i^sj (ji^. oLml i m^JI dJJj (J-«-«J! ujjJ "/I ^-°u-*i9 • £ ^^ ^^-j 

iU,^.t La lil dJJjj nj^jjiLIl t_4-uLjV 3_uj^SLII 3_lLojJ,| jaj^ ^ jja| jj| 
. 4-uLLa-iSLII 3jJtj^/l (j-o 4_u! s ^t!- l ^ CjIjjLo CjLljjj>. L^J(-a O-ta pj I j L#j 
(_gjL«JI «;_gj^>J! Sjjjfc (jr^- p-*H l£1J3 S 'H jl SjLjjJ! jIjiiLa L-kSjujJ 
JL>. La JlJlC ijjlilil {J-Lu-ii ^jJjlS . L^jLljjj>. 4_i i La lSjj ^ jJ| 
^^j-ilj *tu_u (^u3 4jj_)1_J1 (j^j^Sjl 
JJLC ^ LiaJu <_i ;uLjVl dlLu I jUl j ic (_u l^j jUJI Ijuk vujlljj-»- 

oljj^VI 

^jUJI ^ U.' .IL. 

(<ijS ^ Lua^Lu dJ Ijj 3_lj ujji i^^jLiJI LkjIjLa 4j J-«£H Q^jj£DI (j o 

.cLj^jLJI Sj^^U 3_uj^SLII 2jIi^jJ,I 

l_UJ_«Vl JUC. (jLb >.J^U_uJI Ju i_u^l (jj-lLj JUC. ^ya Q QJ S iJI ijr l^^ 

Jl>.Ij (jj(^jSlII ^Juu I 1 aLui/) (_gjj>JI *I^JI ( _ ;r 3 *U,I jLitJ J-a Ju»Ib NH3 
jIjuLa 4jr B ^-^luj j^jJI t^jj ) IjUk^ iQ^j^£JI 5_i^_uf lJ1J ^-^Ljjj^ Julc 
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4-lLSaJI j 4-iLajJl I t_!jLstlJI o x-u3^\ jJsj . L$J tLuj gS tl 4jl iojJLI 4 

^3Ljj 4jj_)LlII Q^ <— "r!- 1 ^' c — ^ t-ul f m-»J d J 'J 4_lL-£SjJLI ^ _l9 q] 

CjIjLiJ 4jjLiajSL!I SjJej^M CjLjj^jjcj i_i_uLi^M jJa lo/I JsLljj! J_Lc I j i j a 

SjJejVLi d SfjJI Cj^Ij (_JJ__a «LSjj-a (jl£Lal (j_a ja£.jJI w Lcj 

La JuJlj>oj 4_u3 i_uj (jl£Lo! (jLs i4_t_L»_a d 5 la * rt ijr 3 A .uLui_j£L11 

JuJ_=»o ijr 5 ^ »j* ■ aa II £. JJJ^**'^J tiiSeaJ! £j a (jr^ ^ U^t-J <J1j 

(jl (jSLs-i 4j^-lj5U 3 j;j g^Lll 2 jl i-a jl! j! j iLa (j i ^1 «ijjlLI j I «J! 3 j^jt 

(j^jj£LII l_i-uLj^/ 4-^>.jL>J! j-La uj^\ 4-lLjJlj ^1 <_9Jl£j sLfliSLa CjLaj! jjVI 

J_t£. ijliill J-u u/ (jU'g . S^LuijSL!! SjJsj^M £-j j 'l) fjja £p-iua £jj J JJLao 

p i_ul_i L-Sj^jjtll j-t^-JI ^J^jI ^-S-iisaj 4_i^_u}U iJJ j>.jL>J! ^-La £^-La 

(j^jjiL!! Als^i) <-^>^l L>>_La (Polyethyleneimine) «(j-y^l o-W» 

*(j;jj>. jl « mi" < n I ( j-a *^ < > ^-^H 4 L_u^_«^1 jLc J^~* ' 

Nafion « ^ 3^ LlI 1 » 2 SjU J «jlj U_Lu ! .(jt^jj^uJ! ju jLc. 

^^JJ>. -i^>«J jL« mi" ( nl jj- 0 2_J^_u^/1 ^ >J i^ 2_J^jJ^/1 ^ Laju (jy^H 

j^l^J! jjJLLll (JjjLjS (jjs (jSLajj i_ aj£ ^Jt ^jJaj Jl^ (_g j-I! J!J i-oJIj 

LflJe.La.ml J_i£. 3jjjLl!l (j^jj£L!l i_i-uLj| d jjj gSUI djl ir-ijll jaj^ (^yi 

lJ jj£ ^jla^a ^jfc Li^ i4_uj-fl^ SjjIjLi CjIjJLoI! JL>.t (j-a ^ c j * ' a rt ^ ■ La 9 

Cjlj^la ,jjs JLi. j L» i^i" i ..VI 3j^>-i Ji^^-J JU£.J . ( 1 — 13) (J£ ilJ! 

(jlr 4jjLc. CjLjjjj>. p ^lj" j»JlC (j-uu I j * (jLs '^T^'^-'h!^' *J 

(_LLaj ^LlILij i Lgj ■ La ;"j"^ 4jjjLlI! Q^jj£LI! c^uLj^/ ( _ ;t j>-jL>J! ^Ja lJ! 
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«U^jLJI Lji— ml ui^JI i^J^-j t_t_i£>J AJajjl» * ' w taj Lajo fj—tuj : (1-13) ititl 
jlj-u>Jb A-j^-lil LjIjLaJI CjU_)J^v JjLuaoJI i l) j^j>£Jl^ujtji j-4 <Li)Jil 
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^Ijisei^VI ^ Sj:*!^ >£^l Solid State Nanosensors Su^jLJ! 3 ,1,^11 

£yz (^ji^. J)J alu O -o* iCjIjLiJI jj-* *1 Cilj^La J_t-£>jJ ^ il JLlU 

(ji^: lj_Laj ^yill iZjIj-JuILi j jtlll ^ 4jJL«JI LgiS-Sj L^Lj ml i n-fcj ^j^jVl 

. J 3_JL«J| Sjlj >JI '"'l-^j ' 1 *<* LLOj-Laj. - > j ' 2 La.pJ.1 4j^>J! 3 luJI 

dJJjj ^ La i ■■ j a Jjj-LaJ '"'l ' "I • uJI (j-o 4 i J 1 1 4-LiJI dJJtj ■ -«"j 
^^LLs CjIjJLUI J j < uiS*! ^j-a cL^_i£j d luLu> d 2 ila ^IjL^tj t_u1 Jjjj-La 

TiO, 

a\ j uil jljjs <_^l^>. J-«-><J (jhJ'j 1WO3 (Ji 1 ..-r i" II Jj <_u£i oJlii lillj^j 

•* » (9) 

di LajJaJ I 4-g.l r ir-> w a 1 alajJ (_^<-JI 4-^>. jjjj_JI jl jll jj j| 1 1^3 jJJ 

UJI oL^/L^tiJ dj^LJI 
.3j^io 4j>.jj 400j 200 (j^ 1 ^j'j-" ^j'j^*" c - 'Wj- 5 
iSjjjLJI (j^jj£LII i_i-uLj| 4_ijjJil . ..I . ..-.tl (JL>JI L«£j 
j_JuJI (j-l^. ' -1"»" 4_lL^iJI 3JL>J| cjI u/L^iitj (J-«-«-JI 4jSLuI£Lui 

L#j (ji»3 La-Lo. (_g j I r\ 1 1 Jlj i_u£^/l 2 S j La t S_uj^SLII 3jl ir^ijll ji 2 aji aJ I j«_l3 

3JUJI CjI u/Lup. 

JxkaVl 3_ajL2ll (OjS ^ j_JuJI (j Lc l<jl ar ^ 3j-*l«-U Sj^jLJI 3 J^aJI 

■ (10) j^uA\ jLoJL. J-l^-JI aJU^dUij 

'UjjLj ' "'l uiLuiJej 3^jj-a ■"'! mLiS 3j^>.| ^IjJslTi u/l 4_La ^uljj 

«GjtjLLaj ^1 ^Jl Cjj 1j CjLjjj i_u_a J_t-ajJ 2 ' 'l * ^."«^1 «L^jj-La j-t£^j i«l ^J^-^ 

CiLajUU p La i-l LjSLJ u/V Sj^j>.^/I tfJLA '^'J c3i>^ (l^ ^J- 3 (*^i3 • I jt^^-t 

Ijut ,_Ul£jLjj . Geographical Information Systems t (GIS) 3_i£l jJljJI 

4-LkugJJI 4jljLiLI i4j^jLj ."'l . ..I — - tS^^*^^ '(Jj-a-3»il j^-?^' 

Personal ^ iJI (j-a^jJI ^iLi (jj>La ^ 'l5_^JI ii^iil 
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jjjj^i j»Ltajj Bluetooth liijjaLJ! 3U,„lj_, Digital Assistance (PDA) 
j £ul b g n , iu U .Global Positioning System (GPS) ^at^JJ 

A n l~j V a j. a!j_a C^aJjJI CjLj_oj i u aJ sLi^sLiJI Cj L_a j U n 11 jjj i_uJI 

^ajj i_Ji_<lijj 4-lojSLI ^L«JI jLUVI (2 — 13) JSi luJ! a 5t Lj . Jls-Ij Cjjsj 

CjLa^WU p la * £_a 3_ja_ll_iJl CjL_oL_oj>J1 ijr 5 «lilLalLa ^ojLlJI Lo^aJ^a-i£j ^Lj-ulj 

SljjJJjLiII 3 o i^UJI (j a ili^JlJI i_sl t^jlAtojJJj 3_t3ljJL>JI 

. lt^- jlPj-^ ' jji.iL^? ciljUb dJjSLjL 

i3_jjjljLlII tiJjSuLi 3 uji 3_kjjj>. («f» 3-13) J£ jJ! jj i ajj ! jut 

p_lia_]J ^jLJI l .o^aJa-iS^J £^ i (J_aL^jJ1 £j\ >.j^tja L>.j^tja J au ^ jJI 

jj i .iL^I cjIjLc -i^j-j l. r i n't L^lLc Lcjj-a 4jsjJ! 3_JLc i3_jaljJL>JI oLajU U 
J*C mi 1 1 cH^yj .3-uSLuJI tl_o-5U 3_«i-LlI.I 3j^l ;,^.tl jjjaLlU j ^ (j^j^^Ltill 

w laie uJI (j-aljJt JLC 1 lJLI jL^>- ^yJI 3Jj2Jll Sjj i^aJI («i-J» 3 - 13) 

JajjJI J^Li- (j-a 3J i-uj-U J 3_lUsj^I 3_l3|j_U La^ca jlj^l £-a Jlj 

. ^ 3jjllLLi!! tiljSLjLi 3_bj_a ^ 3_i3ljJL>JI oLa_ai«II pk'- 3£LAj 













>■ 


> 



J 



GIS Data Base 




PDA 




GPS 




< — >* 




< — >- 



















fLuiajVl f*SL>LLIIj <L_l9I^II Jl J— «t 

2UaljjL>iH LjLajJLadl p la * * 
CjL- aj-Ladl p taj l_^Lali3j j_jLHI 1 '^J T J'^^P iAIAj ^L_<j jjl :(2-13) t j5^— uJI 

(11 («ij jjJLdVI ojLiux»J j^jv^II J5LUI p j -4^') -'U^jLUl udjJJI 
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(v) (b 

JiaLU ^^Uk.jtpjJJI 'j "'ISI Ciljlc CjLsjjjjj I d i \e "ijjM» ilaj^ :( 3— 1 3 ) JSLuJI 



jJjLJI "^U ,„lj . ^- ,tl^t , ,tl p_-j*~ 

^sjju «L*J_« Sjjjj-Ua 4j^js_l!I CjI j ^111 Ju-t3jJ 4-j_uJI pJJ^" J ILsj 

jLjjl <4 • ol j. 4-*JLi 4j ■> iti I (j a 4j-Li!l l£J t «Uiuu La ^1 Ij ku I j unLt 

CjLiiieJ,lj CjIj^jUI -^'j-j (j£ 4 fto'tl j CjLLa-pJ.1 j jLajJI 4_»-l jj CjI JUJL^ill 
jLjjJ CjL-uL-u^JI (JL*-* w ' a JJJ ' 3 ^!j OjsjJI (_J .j i jjjj . L#JJ2 4^jjjJ?jjJLl£]I 

dili Ji«j$ / ™ Nanochemical Hydrocarbon Sensors 3_uLl<uSL!I ^jLJI 

( _ r 3 £lll<illlj 4j^tjJI 4j-uJI (JL»-« . U £a (j-uaJ *L«JLj 4 j «i i» I CjI ml i m->JI 

(J-i L#£.l JJ I i— i tie-o (j^-J 3rh!- <1 -^'j .HjWJ'^JJ'^W^ oLjjJLU (^^c i_i luSLII 

J^HjJIj jLiil jLJ (j-o 3jj uiHll «Lu ^jj^jij JLl^JI .jl _jJJ J-^j I i iaJ I 

CjIj^UI (j^JJ I J 'J,' 4jjj-al!lj CjLLajjJllj jUtjJI £-La 3j>jj>._aJJj sdJu mil 

. o\ i o U ^JJ LeajtJI 
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dbLsJl Jpl^s» L-LdjJj J*uajJ iU^jUJl LjLmUuJt?! 

-1 t^aJI <UL£$j 3 /'t L^flJI <U->U1I 3/UjII C^aJiieliJ jJa£ 
l_M^lII SjjjU 2 jjIjjJI cljl ml uuJI <j-a «LaJiZLa LcUi? NASA (1 i-uU) 

culIjuI (jU! cuL-iUJI ,J5! j uaj (^—a Thermal Nanosensors 

j»l J^e2 uiL lilljj 2007 j» UI I <j-a JJJ^f (j— 3 4jSLjjjjV| U>jjuLiII£ S—jVjJ 

(^k. I L^Uo^aif ShjS^ Thermal-imaging l $j\ J j>J\ j^m'W 3 /3" 

JjiaLLa 3 ^ **""' ^ '"'*t a t ( -? ^It CjIjjLUII Cjjs^c (j I Jl*j ^ 1 3 1 1 aj U ^. ) I 0 

I j a>.j i_JL»jj (jljjill jJal jj, «LiLia.3 liajljji. (j^. 4j«Ijl1J,I Jjjlj^>JI 

4^11 diL cil j^LUIl jUJI jjj JU. ^jJI ^xuJI jaVl UJ jl£ (Pil 

jj (j I j-^ c^ih 0 ^' w LLsjJI |_jj!j^>JI ^^j-* j»UI (^Sj j«ia 1 jJ .4 j ♦ • a 1 1 

1 j\ u,u aii% 

iSjju ijiJ,I JjjljjJl l£JLIj Jlj-3jj J-/<J «JlC.1 1 11 <i U S-ajJlLa SjjjU (.Jjlj »■ 

1=^11 dUju3 «,v,U 

.^jj juu Ujj jjUI! U>»jIj-lCj «l>-Uj (j^llt cjLijL^tUl! (j_4_Lis 

,_^a 4j^j>JI 4_u?jJJ t j/a 4laL£ ^Lj I 4j^1j 3 jj. ^ i j 1 1 dij 3" , ,,| jjaj 

J' •* 

'."■I i njt Jiaj . t j \ a Laji^vj ^jiaUl Jiaj1jj>. 
U>L>JUaj L^IsLSjII j^j5 lj_<I/Ua U>. VUujJ «LlUsjVI 4jljLj1Ij 4jjjljJLl j^lj_a 
jjJsj (Jjtj-sJI 4^aLSLo ,Jj 2j jlj_2ll (_gjLitlI. ^Lji Uvs i4_L?jJ.I (J^La (j 1^. 

^j-a t j* * ^ i_ajL$j Uuj-t-a Ut_a j (^jtj^>Jt _}Uv>.tj 4 =tal£LL 4_4J^JL1 ^-#U1=u>. 

,fiL*5J>.LLc ^jJaUa ^It jtjILaVI 

jLa ^jdl ,_UjiII (jj>a 3Ja uul^j jlc! ^jJt (^jL^JII jj^2III jLal 

( _ ;r a ,d/l ,'^iAtl L^uLi SJl£j (^yjj (^cl>.LjIIj »1 aUIl ^jj . u '"tLij • ^ i ^t t ,>jLa 

^j|jj>. i_Uj|jj>. ^c-*-uj ijr a 4-QjL^r"l i ii 1 1 2 i, LiIaaII CjUuI i n-»J1 ^-o 4_jjLnXl_] 4j1 

uul uo. Line Scanning L Ja^l\ ^ uull a_LiSj ^ oLiUMI 
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jjjf 4K I j^J jK jJsj .(JjIj^J! dJJj i_JL«j ^ 4-ojLiJI LgJjJLS (^1^. 3 j>1 c 

■ 3 niMl p g" o g a (^SLjj-aVI 0 ;U^J1 (jplj^«JI j^J- 0 J^J Cr^ J 

3_a J ii" a Lj'j-a <j-a 4jjJL>J! d_tlSlll liilj 4jj^j La ^y— II 4_aLU3^L] Ijuk (j-^ 

dJJ i Lo. VLu/j! LgJLu/jlj jj-LaJ I *L>JL«-aj JoL2Hl! (^i^- Sjjiil! (^ Ji-alu 

ijr 5 Ot^aJI (j-a i>rj-*^ ' ' ' C^jL^ (^^11 4_ajl uA\ Cj\-^uu1\ jj-a ^ja-tAlJI ^j^- 

I j"* ' (Jjji- 0 cjLiLu (JL_<j/jI (ji^- SjjLill (jJ^Wj '^jLiLuJI JjLjo 

. 4_O^J 5^ Ml l_U3 5jJ ' * i 

,_y>.jL>j! - LaiJl lj^L>.j <La_L>. ^fl ^jUJt lj! ml m'» 

ci^p* SjCilj S^laJeJ 2007 ^L«JI <LiSI < V-Atl I ...I 'i SJl£j O-aLa 

^LUIol_^U .o. (_£JL>.I i i r^i" (j-a 4jj ili_jl ^tJjLj ( _ ;r 3 3j_a (Jj^/ O iSLa-S 

2_uLiiaiJI djL^jJ.1 (_£J^I t>-° LajI j'Vlj S^LuijSLII 

(J-«-«-!l 5-aJ 2HXI '"'l i i ..--tl ^L><-> (jr^ ^L?^*-^' C'lft^J J_3j 

2 uS-iiaJI jjjL2il (_LjJL->oj ct*-j-«j (jlf 4_£jLa]l L^jjjlsj t;T j*.jL>JI ?l .v»Atl j ^ 
tfjut o' o ^ ^ .SjjLUaAJI 4j£>U Ji-lj >I>^JI oLJi^lt 

(j-a jai,jj| (jJk. jSI i^a-aJI 4_i£j_«JJ ( _ ;r L>.ljJI «lj gjl CjljjJLa (j_a <_< <_ai!l 

dJJj («i^ljJ (jJI Ijiaj dlljj 5Lv>UI (d^LkJ Ij^j£ l-^^j '-. < j ' "J JLS i LgiJ Ljs 

Cj^Ls-jJI (J^^Li- Li^gjj a> i4-2jjLtl 4-iSI LtaAJI d i^J-tl LgjjLjjj CjIjjUI 

.3jLc j^j ^1 jdaj JL3 (jH-II SJjjlaJI 
4_jSLul£Lua^j-^SLJI p la * II cUlLaILa ^jLUI Lo^aJ^aiSLj dt^^ls J 3j 

Micro Electro Mechanical System ,MEMS ii>i-^JI 

(jl-^l jJI i_4j^pil LiajJaiej I n , .ij («I» 4 - 13) JS! <SJI ^ '^JjJ .jL^jJI 

jjja ckJJJLl j 5 r,\ Cajl\ SJU. jJI dll3 fJ^cZ u/l ^jJI jL« jiiu/VI jL^>J 

^« I» 4 — 13 (J£[ lxJI) (^ojLi (jjjl t_ajt_i Ja_ujJj Cj Lu^p^J"^ I (j-* *Lc^_aj?e_a 

Cu_uLj| Q-aJL^-**t ( nl JL9J . jl_^_>JLj 4_u_u_ujJI CjLu^jUSLIVI «L>.^aij L^Jt-a dtjILa 
4ljJI ^Jl I jJaJ. diljj ^LuijSLIl (j^LuuJI dili ^ dj^iLJI o^i>^' 

CjLuiSLIl (_LlL>>jj (jr^ 3^Ji2Hil 4j^jLJI jl jJil aJJt L^j JLlj (_^jJI 4_ukl_Llil 

. L$£.l jjI JLjJLsoj «1 34JI 1 11" U CjIjLtll (j-a I JL>- d lj 5 ; , v. tl 
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^1 uuJI 3LL>.j <U LL-l» .2007 f»L»J I j-uj ^a 1 j" -'j'' 1 ■ b aJI l_uilj A-JIS^J 4_xjUJI 

. 1 (g \ J V>3 iU£j_*lI ^UjUdl ujlj^JUI jrujuj Ju^ajl j aj 1 ^ L -o-iiUl 
(<_iLi£ll I j-i l^iIJj 'i' — 'j ■ (14)jOuaXI ^a J>»->tl JSLill |«Jaj -j Luatl) 



3Jl<Cl«J,I «LuLkj'i/l CjLlUjlII ( _ ;r ilim (JJ-2JI CjLlLuLcj Jiia Cjj iIijjI 

^' a J * a J ' "'U T "~ ^ ' f (J c ''^"'^ 1 * 3j *° '"' ~" *^ 3 ' , 5Q". Atl dil) •»■ A"t I 

iLfljUa (.3-1! 'j-^*- 1 tdJjj 'd AKU j 3Jl2jlII CjLlUjlII (j-a I I j"'Jj * 

i— llj ^-^"Tt £ju& ^< ^a Lg-al Jua-" i nl (j^-*- 1 (_7~^ .slj-ll <j-a 4ju-uI ^ 
j^LaVI ^a CjI i_uL_it>JI jj_a ^ A I", ^IjjI -iJ^J (j- 4 (O-^pl cA^- J 

Lgjj u/1 i ii^. (jiaLiie-il j L^aL*^»-l jj£ jLa iCjbtjajjiiJj d jlj a; A". 1 1 ^ jui 
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L^jLjjjj *— 4 aLuaVLi Ijuk ,_)^ iij <Jli xJuX I 

^^IjJJ j ^LJJ fjjS jVI 3j m i" i 1 1 CjIjLj uj}\ i_kal ,JiLa *L«uJ^ tj^L^ 

ijJj-W i4-tse.ta.uJI 0^<J i_3j_i^JI CjK i uij LaJtxuJlj <jJJ i<tjjL^ejJI 

dlJj jj^i lLjjJI i^ (^Jl «LaL^Li I j i, . «LuLij^l oLlUjlII e±LJ 1 ajui 

LJaaJ CjULuJI di Lj Jl <-"jjj 3-aJiieu tuli 3.3 LU . - . lj -> A - , 1 1 Aj^J 

Vjl 4-p. 3jj ' aaj oULuJI lILu lJT 2i3 jjjj Laji iSJjJ J^>-jJ,l «LlsIjjljJI 

*L*^l£La (JL*-« Juz3 4 j i SliJI l— ibu^aJI lLIJj '(«U (j-a_J . ^jl 3 

ju^t Jl>-I JiUj SjjjajJU ,JjLL2JIj Cj \jjt n't 1, 1 (j^. i_i liSJI (JIUjJ.1 i_jlui>jVI 



<ujli 3j^u^ '"''j — I 3jU ajA-p-a £ju_jj^>» 

• \ \ • 

^^^^^^^^^^^^^^-j .*■•■» «Ml, iZA, 




J^jLJI j ul UL>i U 




3jU j-o Cantilever J^jisi^. j^-Li ^ii^ t>« j^5U I ^-ISLh^ t i-^s t <ul£ LL.^ 

'iULi^j «LijjLj 3 2 ala * 1 aJjXl t— jJI jifl «Li^jLj 3 2 j ta * 51 a j^SL-L— uill LjljJLu 

■ ta 1 >3 *j >■ doX) 5^1^11 3jA.uLa CjU_)J._> ^J^-J JS_^Jl ^b^j^ /iuj-LjJl -u_tuL£Yl O*.] j^o 

xi!m S^Ul jL^j OLuj^v ^LuajJI j^fl Ldj>Jt J>iL£ Ly 3 o^L>JI g-LL^o^ft JS_^JI I-l±> 
i j^iUj ^11 >■ doX) ij^LaJJ A-jjlJJI LjUjj^JI uLLLj jIJJLol i^^jj^ .jJLjj (_yjJt ^ ^ ■■■ w Lc 

CjbL^MJ Xlxu£\ Sj^JI ^iLLJI "iu^ ^ 
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Ljluja I Li^a SJjJ Laij 3_uL&j^l CiljnUII j j n u t LajLA ' ° S-lLc 

*JJ ' "*.' OV^^J^' i^ 5 * ^ r " 1 ^ ^ l' 1 'T *LjLoj>. I 

t " < 1 j * ' aa rt p « 1 5j i 4_t-^L>J1 4_j_ulLJ1 <J^L>J1 .i£ ^jLJI Lo* 

LgILj t_oL_oJt_i Jj-ijj pj?e_>JI ejii i L)j^^ <La_L<L>. ^ ^ jL* mi" i nVI 3j-^j>.| 

dJJj Lo^ . 4_<JLc 3Ja JU I j * * -""j *j a aj 1 1 j! jl! (j^J 3^-"*-^' O"^ 4-ajLiJ! 
4jL^>Jaj Lgj>.Lul ^jUj La gLlcLu^oJI I j~ A K* ^^Li^ciLl 4_ja_iLLll ■ ul i il>JI 

) j i aJ (-;r ^. /"»1 . ..I . ..-.tl J «X. 3j£Ls . d J 'l i 

j^t_u (jj-"tj Lc - d . >» * (jLjlc 3j1jj>. cjL>.jj tj^^j 'i * \ u (j! (_jJI 

La d_3jJL!! Sjlj^. JL^ U^Lu^ (j^a 3JLlUs — luj 

^ LkJ ilj^l Sj^-Vt \<j\ u, j3 ^1 GIS 2L^I jJL^J! oLa^La! ^ 

jj-uajj .3 u^jVl 3_^ljJ.I j 3jtjLll.l 3>3 l^jJ GPS IUJI jJaljJll jjJi^j 

L^yA u» JSLi 4j^sL>JI 4jj>lill oLuI jlj>-!vLJ Laaj oUjl<U j oLjLJI ojut 

(Ji-Jilllj 4^JJ SJj^j i ii j Lilj uJI jl jaili! j^>-j ^^"«j i£~*£ f$ <j-°J 
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^.jJI J • iajLSlill Ll>. iSu 1 1 0 J A 

• L)j-2JI Ijuk «LoLill j judi CjIjJ cuJI 

3 , M,„ JII (PJI oL^ljjJJ L_^jj L r ^JIj r ^l o!» 

Jj J — £ 4 — j j — jGj ,jl j — SUj 

I t \ I J) (ft J I L(J I 1 1 j) ) 

, National Science Foundation (NSF) ^ us , l^s, ^ 

CT^dJ- 3 ^ jXj J Uiri^iP C"^! J^ 2 ^ *-3jj-u j-iLill i_iJJII 
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JjS ^JJ 1 <j t-U I J A i 20 1 5 ^L*JI 4 jl JtJ ( _ r 3 I 4<jVI a d) I jJ ui (j_u_$J>. JUU 

(Jj-i2J (jl ^_>.jj CLi-l>. ij_u£L) I w La jej i 4jI 4_uLiLJ! CjI (_uljjJI 

UiLc t;T l£. Lftji- (jj jiill jj^jJIj . XII ^jtjij ^J>ill j Jj-a-JJI L^jL^>I ^^ilII 

jl j k>" i 1 1 j^ «uLa njjjSJI 5j<- 1 i . ^1 Jjj II cjLajSL>.j ,5j<- 1 ; . iSjibtaJI 

L^jIjLuj "il (<s^*->- (JJ-^ iJjLfc Sjja jjLill Lls-jJjjSj 'l . ^"al Jilcj 

j^c^ill^ya LfcjliiijjjUJl Lj>->J^jS3 

»1 o i ii ^3 ^Jja_(_aJL) jjLlII Lo*^]^_t£jj ^-^J jlj-ajl (^.ij-) (j) W *J.'^^ (J- 4 L)^ 

4jL«J, j 4JLj_i JaLi>JI j«JL*JI JjJ *Lu2.j (_>-aj >■ J i Ll>.jJi) i^'ll j jaL«JI 

^1 i5jjjLlII 4-Lbe-JI £-alj_JI j-jjjuj Sjl-3^ «j ±& ^^L* '"'l taiaim A^je-uaj 

cjUUJVI 

y-*^ u — 0 

Ij_u^ «lJI jjLlII Ll>. jjij t_iJ^>- jL^ia .-'l . , ^y.ll j tuLaLSiJIj Jj jJ,Ij 

j-l«jJ.I u oUtl j<i^ ljJl»j (jjj-II ir^T-'ll «Lbf (j^ (jjjLjJJJj (jjjj^sLm (j a 

4jj mi i U j_ii.VI i^U.1 (JiL«-! Ll>. K" 1 1 lLIJj jjf jjjJ liLjlaJI ja^Jj-ii- CjI jjjjjJ 
jL*jl (j^. (Jj-i-^/l CllLt». _^Jj iSgll Cj ij^C- fj^i I L^KLii^J L^aj-«uk ( j-a ( _)^5^L>JI 

^j?e_Lll IJlA 4jJ!J a ' a sclj 1 1 ^J^>* ^j^* 'M Cj^L_u Ji^J . L#J (J^l^* 

w ' a w "N c V lj j_ y xiuui]|j jj ajSL>JI al i" aVI > j"p ; »'>>tlji^l I jl^j ^31" i nj 

jj ir-Vill I Jl^j ^«jij i4 ojtl inin-Kj J[j£? i-i^S jjj^a Jls£ i I jJ .^jJUJI JjJ 
Ji^j . «LiibejJI 4^jl iMlj (JjL«IlII 4-uxXI jjLlII LLS-jJjjSij 4 I j^jJlJ («J 

(^j!^, j I g_iA^ '"'l a ' cj! ini) L^J p ^ ^ >j .* al^Lje M diVL^t-ll (J7 h 

Jju «U^sLi. itf JijjLj I jj i i uSLj (jfj i^jLiJI (_^>-J »1 j" i nlj L^aje-m I °>j-fo (jl ' l^IU-ml^ 
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jij .JMLVI <lJI i_ajLgj i^^U-f j-uL Ijju L&JI Ijj mj <j! 

L^L^li^l jJjj-Li i lu c_( i_ul£La ^,_L>u ^jl c ilj «LcL^>> ij^jjulll I jla (j£. 

ij)l . n" aj^Jij-aj Jl>-j J^inj^-lJ iiill^^j-a 1 I iti I J 1 (}" j T J-a ijljell Iji^I 

^ >JI CjLLo* c_«_ujj ^ 3 c-i-C^VLiJI «L^IiLiJI L^jjjJLo < " 1^ ^ La t ^ > " 

(j-a (jJjJ' (JWo 3Jaaia. i4JLiLu]l <UJL>JI liJLtj lLIjK i'iII aJJt ,JiLa ^JjljT J^9j 
Jj|^-4jj-pJI L^^Jj-lCIII^I- l^jia^Lai4^K<_util lih-WJlIcjUljjLll 
(jl^J ,d Aj «LujJlII CjI jLSjjVI j CjUI J^l (j-a Ijjj£ L#J I jJL^aJfj idlLaLgjVI (j-a 

CjLaJajJLLi ^jl II j-aVI i(J_jj^J 1-^ ' 0 ' W^L?^ (jJJlLI ^ «Cl^JII 

, r* . ^ , 1 1 r I n I » tlj — d<l j", , ,,t I sL^HiLI — «LcUJll jJI CjLa_jSL»-j 4jJjjJI 

i3-ajJJU «Ij'irjtl jiaVIj 4 J-IjjJI J-d^^-*-''' -5 < -^"' ' ^ ^ -3 " cL«^>-l 

^La-iiaJ l£LI jj i4 "j I ' a II 4jj3^L>.^/I (j a j^j*-a <J^L>- (j-a 

jjj^-lZ? i^j^j •L?J^"^ 3^' Cr'! O a ' a ^ *l lif CjLcI JljI ^^«j>. jaj c 

jLaJ (_3-^>- (j-a Jj^la ^Jj Cua}\ O-ajJ- JiS i4jJju»JI CjI Jo^I-LU l^JJj 

^1 ^Lalj-II nj^-Li' ^LaJUJI CjLcIjuVI ^Lfc»- C^tJ^J i4j3;L>JI Ll>.jJjJSJJI 
. 1 fl^J^IaJj 4jI Jl£. JjI j_a Aolaju jJ^L>» (j_a ^jL-uJ^I 4^t_i-i3 (j-u_a^j 
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4-l«j4>V 1 1956 ^1 «J! ^ <>j dal-a-a jila JjjJ! tiJ tj C^jJj J ls 

l^jL»JI Q>nJI J^Li. Ll»-jJjJSJJI dllj 4jjJj i_3j^ (_£Jl!! a^I lSJJsJ! jjjJI 

j_L*lll j^lj-aj j_alj_! (jrl^. «LiejjiJ jjijj £)1 I golc La I^J JlS^ i I jj j » 1 all 

^^UJI jjLittl (1 - 14) JS ,S JI (jrujj tJ jLtil Lo-^J^j ^ U I 

S^liUl (J!VLi- (J-^aj (^jdlj i jjLJI Lo-jJjjSJLi 4_i*aL>JI 4-LL5ejJI j-aljjJI ^0 c.} 

. (5_1) jVjJ jLJLa (jru^j 4^»^.^ .20083 2000 u^UJI jru La 



3 




1 ijj^ 1 jj j 



. 2008 3 2000 i^wUJI ijru U 3 pill J>U i fiLajj^SSVl JjaJI Lcj>« 1 jiLJI L^jJ^Sjj 



2000) ^LajWU j-u^II Cjl ji uJ I J}Li. ajjj 52 c^ala Cu> 1( JL*]| Jjj 
^£lj-aj JuiLta liLuujL^Ij 4jibeJ CjIjl^-jj ^alj_! (jjij u/Qj (2009 — 

(>a («£.jJI Ijuk . 24468 (^Jl 2009 ^UJI SjL^. j_a Ujj^ J^sj <j— ^ 
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3ju*j1I »1 2 1 Jjj II £^-»j*-a jjjs iSJjj 156 (^Jl 4 uiAj ^UJI ^ 

1 1 JJt LlajJ (j'-KJ SHHII L_gj-uzj? 4jj ifojJI cly*-- 5 j-Laj . 3JjJ 192 L&JJl£.j 

pl^. ^ ' a ' — seu " SjljJls. CjI JjJ-i jl Ju-al ^3 4jJ,L»JI j ifoill jjj (jji^LuJ 

(JL»J,I I jui (j-LLaUJI (j-Ca-LiJI j al <iU1l L$-> t_iLa 5j tuj 1 jjLill Lta. _aJj tSaj 

(JLj ij-a (*3t^' pJL»JI tfjuj Jij La ^1 "taLi^^/Li Ijuk . pJLtJI sljejl (J^ (j— a 

CiLjjjjJI edJj JJi£. jjj JuSj . l_Ls> ! LjjO^j p k» 'j j-a-ij^ j I 3jju (j-a Sj Laj 

JMi. . (8 ~ 6) 4175 3^ 2009 j-a-jj SlJjjuI JiUaij W*JI 

.pJLtJI «L->-jt ' ahim 193475 j-<ij iS^jjill liJjj 

J' 

(^LkJI aUtl j liiilL 4j^jL>. Cj Laj I » a (j-a ^ J^p' La jLUI w Sj 

dJJj LuSLa-i i Sj HAJ I dJJj J^l i- ^jLJI L^aJ^&ja pir J I »-a 

1 11 a ijr Lc ijj-LSc-i ( j_a^l_uj ^1 a" ffrl (j-* '"'J^^ Lt La^j 3j^a-*ialU Jl)L?e_iVI 
.(1 - 14) JjJljJI ^ i^lu) La£ ipJLtll 



j^uJlAaLiu' Laaj^jLJI i.^.tj-.cita.^.uin.-.vi 01, ',;V ; -( 1 - 14) JjjlsJI 
.2009j 2000 jj-aUJI jru U SjiaJI JMi. a^uaj^XI iulbjl Ljbj^jJb ^a-UJI 











JlLi-oJI 


Sj^liJI ijjL^Lill cjIJUJI 








jJLe-a jjLjJI '"'l liaJ 




u Jail JLje-a J-jL-^' CuL5-U 




jJLe-a jjLJI '"'l liaJ 












2a1 U!l tl — „ . a j'.l :tl '-<l ^ . .U"< 




sLuaLi- S_L)_L>. '"'l lX5j cjLaLjiH^I 
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ji 

iil L^-uiAj Cj La j U 1 1 ct^J 
LoLaX&l (Jj<J-Jl J-*^' i-^-iic LLl.la 4^JLl11 4_Lajjj>. (jlajJLJ i_La_i_u_t_a jSLiu p j i LgaJ 

J! 



j3j .(2008 - 2000) 1^ ojl^UI JjLo, 
j—jJI (> L^j .(4 - 14) J< a 



J! «UlajJI Selili (jjiAj 



1000 




JUwa ^ 3 n frl uu> jJiSVI JjJ_ll Lfelc 1—u-i.a (S_1LJI d-tajjji. :(2 - 14) J< ititl 

jjjI L« (jic ij< ititb Aj^iojll LjljL-JI -LaTuj) 2008 j 2000 jr^aUJI jjjl-a S^j-iJI 
-(8-6 ^>>ljXI ^Va BLlLu^ LjLa g - l jt.< t /wd t_dl |^U 
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(jja j-JJ^ ^ j '"- (jylll ij o W 11 (JLii»JI j»^1j3Li ■ La ^Ljjla O lia (jl 

(j-o 3j_o~^/l 'j S « 1 1 Jljla '^L^-^' t — ''j-^*-*-^ 2jjj1^ ■ <ij\ CjLjIjjJI 

.(j-UaUI U>2J' 

d U ,", iVI J£ j-^c j_LijuiI K( jjLJI vl . .-.".al « ^ I U , ^. ^ d.a jjr'i , nl jL3j 

jJLaJ! j cuL*iitl (jl ,4^ dLi V Lvsj . Nano-products 4jjjl_JI oL*iiUj 

4jjL*jJIj 4_tcLLuaJI Cj^j_Jai) 1j-fJ^ LjjLCu u/l LajLA i*r-i? 4jj-iLcJI 

^j-Lalj . jL_u£LJI (j-a ^j-iLjlj 4_jJLlx. Jj^- 1 -" ^£ i^Llj^M jj^i 4jjL& t. <-uU JjjJijo 

Lo* jJjjSLj J ji i«Nctn jjLj» 4 4-lSLi cL<a i_u1 i La -"j * ^ j_Lo ( J£ i^jVI 

w 3Jj "^p- ijoJLtJI >Laj| (j o (j\ K \ $~ uil\ jLLajI 1 1 j.^** d *J * 1 

.(_$jL«JI i'M^'iiiiU Jj^ ,j-a jjJa-Ll! jJaila LjjLjo L»-1jlj 

CjI i n^LLa i(jj_Sj| IjLA g-LLa a J_La Lg3^j_<I/j tU^LLcaJI (JjjJI cdio 

<LjJLixLa!Lllj 4-lije-lII 4la ilij^/l 4_oLcj ^1 i_3JL^j '(j mjUjJI 4_usL>. 4 <-"j-£' 

CjUIjj (jjjJa (j^. di! 4 a JlSoJU LgjL>.jJt>j jl£jo-lj i jjLJI I .p.jJaJiSaJ 

I JLfli (j I (jJij (j o La jgjj . «LajL^aJI 2 jj£Li!l 3_jSLLt.1 (j^ il jjSj gjj ji-VI 

4JSLI h^'t jlt i_3jHll » j I «<LaL>.jJI » 3j_j| u±a [jllaJLa (jjs jJoj JL3 ^LajjfcVI 

3j^J_a j vl . ^. « (^L>.j i3 J_iJl>. cLt£.LoIo*1 ^_ufcLiaj ^-LaJcJ L^t_u_ojJjj 1 JLj^G c L>. 
. Jlj^^/I (jjjjj ^IjJ Lo-jJ j '^"t lj fdtJI (^1^. (j-i^-U j I n ""i i n !>U 

joJLjlII (ji^. fj-SJI I j ILi i (_^JI 4 j 'l i v.aVI SjjSLII o -J^j 

J (j-^- '2008 ^L«JI i_a(jjj>. ^Ll (jjs (j .h<" 3j jL^Ii jju ii>j u/U 

(jj^3< i ( _ ;r 3 (Jlj^^/I (j-ujJj-J SjjLUaJil (jyl^- (j-^' j'-" 1 -'-' 4aL2j 



jjjJI 3-«jiif '3jjjJ,I 4j.il i^~qV1 SjjSLII dJJtj i^jLjjijj oji^l L»^ 4uuj-l* 

(.j-^- 0 'tliJU 3 'l i ala I >Lb LL».jJjiSaJlj UJI 'LjjJj II 

i4j ^ uujjJI (JjJtJ.1 « jjLlJI L^>. jJajSj » Jju w xllj i<U^.jJaiSji]l 4 3jj>J»l 
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SjUtlJI (33-*-° L)""^* Cr^ '^G A ^-^Wj l J-iUJ1 Lo.jJjj£Lj ^jjJI (j^jLojj 

J}! jjjj^I Us.}jj>.j -^-Od Cr^' L^jL»J-i-aj I (jtl , ,,1 L^s-jJa (J^L>- '(j-^UJI 
^r"» jiiVl jjjt liiljj jl£ JLSj .^UiVI O^fLs^s J^Oji. j? Jjj Jl»j Lajj 

lupUla (J-«^»iJ £)IJ t J-Jj-iVI ^Uaj SjjjLJI CjLajjJLI 1 La jjj J (j! 

jaJejiaJI (_JjUc1lII ^Ijlj II I Juli ■ Ia 3- N _' (0-1 U« jjj» - j j-cj-JI^J 3.}j->JI CjI iua 

ljjI jj»JI Jila i3Jja->J,I 3ju£>.^l CjUj-lo 4ilflj-j (_J jJI < J jl^pllj 



i^^VLs^lj ^Lc.^1 i^jrSj ,-ujJ.I J j » (Jj^= "'J ^j-d^U i4jj-43«XI i_ijl J#JI 

(Jjj ij- 0 ^-JjJ (jj^ uuaj lm! ui 1860 £ys f'^T^' fJ^J 

j-Li 1 d a b a. " 4 jij-iLj cjLtiilaj jJ u/ ^LjjLi (3 — 14 jJI) j* IUII 

(4- 14) jS^lot^.^jVjjjLiL. 146^2007 f UJI ^ l^U^ 
< (11) 2008 f UJI a^Utl oU^ill I2hid\ oUiJI oU ,.,,„111 
(5 - 14) JSLAII jjisjj iU-Lu Ijuk .4la JSJ 5^j ; U-,tl oVLfcJtl jij <U.j>« 
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jg^ * 't CO N S N J ? " 



. U) 10 « m 



r .. T t JjJ_!l (jJLc JL-yjtitl jJL-uJJ a_>LUI Ljt£j_jJI J-jj^J :(3 - 14) J< Ali 
Sua -'j; alujli fOJ J< <7,TI) .LjlSj—uJI JJJJJ ASLI U I .fsjbtll 4j nu'tpl (jjj nittlj 
.(10 Jj» alrtlmtl t- V' wjULoJI ^Ic bUicl l^lI^II 
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iu^uaJI aajUIIj Suai jil 



'M ^^tu; i ^ ...VI .'iu^jUJI 




S^gjvVI i4j^L>Jt lJuI^JI .uJLu«b*Jl 
^^jjjt ijj^-i ttlltml MttfJI i«Uj^I5JVt 



tjiii a^jnn LjL»aai ^ iu.uL-.gi o\in\ oi»xa . , uUJi : (4 - 14) j< <&ii 

jl u j j j |«j JSLuJI) jc t 'i , ,u~n ,-,vi ..t i 4_cj^4 .2008 1,^-9 ui^u 




^ia^LaioL>jaio^Xaii^ic<ii^iou^a-^iu nnti:(5 - 14) js &i\ 

ajuJLa itilt) JiU 2 1 2 ; JagJI ljVL>«XI A^j^A .2008 ^LsJI ^ 'j* 'J ,..1 ^ 

^UJI ^.oSJI «^LJI ^LzlII I j & ,U ,„j ^oJI 
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2000 (j^LtJI <^_i L* S^iAJI J>U. i fek 2U5La)l L^jJjJSiilj 

. (1512) 44867 <2007j 
a^uil £l ^UIj_J ^U^-V! jjmJI (6 - 14) JSLUI o^L5 

^j-U La S^lLaJI <J^L>. ^ojLlH Cj La_j_i_LaJ^ Lo^aJ^a_i£[2ij d iiU"ia i X l^o ^3 

. 5 tdJj t2j| j-L<-u (j-a 3J u. J£ ^yi^. icjj-a i 2007 J 2000 OrysLtJI 

*< mi tl ^a_a_lJI <JjL*_a Jta i_u^2Lo i ll i u-w t(JS[ tlJI Ijuk J^-a Ll_lSLx_jJ 

_aitj (jril <_L^3J MjjJI J iSjj £ jJU Selili tfjui i^jI*Ij_l!I liilj jlj C.! 

jjjLLII » ^LljVI Laj3 p *> ^yfl I jjjj (j ,!< «J La-o i3jLU 3 18 

. ^ LjJ i f II Jj^J-l-u^/l 
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lJI^Ilu ijif Acj^» ^jUJI LcvjJjiSSj <UaL>JI £ip».Vl JO£ :(6 - 14) JSLuJI 

.jJlc bLttacI i-a-ljtl ViU ->'i , v.'; ^ jsLwJl) 2007 j 2000 jy»L»)l Jg_> I— 0 »j "Mi 
.(15- 12 ^1 Jj> 31 SI mtl a^Uaa-Vl ljuLl-lH 
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3jjj_ill L$jL*j-Loj i j il_Ll! Lj^jJ j-cSj<J 3j^_j!jJ! '"'l daHll jl lal 

L^J J) ^ -»" ' (_3^j_o i£j-*_uL) joJLjlJI <Jj-i (jLb t Lflim LkLlUaj-C ^^yjJlj iSj-uijJLlj 

CjI m i ii Vrtl JLiol J%^~ (j-o ij»L>J! ->! jll dJ^^'u.il CjVjL«-o (jia-iiiej - 
.^j|_JI 1_^>.^Jj-cSu (jlr 4_«jL2JI 3_JjjitlII '"'l c I * ■ aJI 

2U>wa)t2ULt > Jt_ Jl _daJt JL>^» 

j^LJLI <_i JiSJIj (j • La 1 1 ( _^ajie JijJI d j a I i , ^ /i j S*La£ S^l jj — 

.S_LiLaJI j j a I S « 1 1 j >ljjJI 3 jlr La (j^ 1 1 1 -«o — 
. 4-LLaj" i .i U (_pa!j-oV!j 4-ujV!j ^LLaj-i^JI 4^tSl£La — 
. cLo-lj_>JI oLlUjlII 3>Lo^ SjLjjj jjjiaj — 

^LlU 4_jJL>oj d >JL*_a Jjjj-La ( 2> c ' i( ) J > ^^i^ ^l-'- 0 ! J N l ' ^ rt — 

.^jLjJI ' " ' I J * 5j d i oi aj fit_>JLU 

^JLt^ i ^^^' ^La ^ Lc ^Jj ,^^tl j i^LJLl j-jjjG cj! j-lSj 3^ Lo^ £. 3j — 

1 se-LaJI ( _ ;r Ua!jVI . aj u/lj i4-i£.!jjJ! 5jj-jJI S^La^j. 9j — 

.4jjjLi!l ' " ' I y a se 1 1 ^1 JLy" i »1 (jyjJa 
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. L^j 3ji^>.jJk! iLujLil! CjIjoIU 4j>JL«_oj i4jjjJI <L>.j1o ( _ ;r 3 jaSLalll! — 
. Cl I L) i .i t" II 4^LUslj ,d »a!aVI CjL*Hit cLuIj-iJ! «Lajill £3j — 

i3^_L>.^M <j_u_<tJ>JI CjIj_l*_uJI jJ^L>. j^j^ i 4_} j-*-'-^> jj-a^M CJ_llj Ju9j , 4_jj_ij>J I 

4j^jj>JI Ltj>. j-t^tJ I CjI x15j jjLlJI Ljj>.jJj_tS[j CjI j ' aj CuL) Lu tj^>> 

(Ji-I JuJI I J Jlo£ . << 4j^_lj>J I j iLlII L^>.jJj_t£[j )) 4 LLa ^ O >o 

SjLoj >_u^M Ijlj Jl^ I jJ 4(_pa a_JI ^jJ 4_uJ i_o jlfiT ^ jJj_t£l]l 

Ljj>. jJ j-t£j (j I L>. i 4 i ^jj>J I Lt_>. jJ j-t^i-I Li L>J I 4-L/Ja U, I J!J J J i 

Liil 

. ^J^_*_uJ ! (_^>. JljJ I 4_uCl>.j ' j Laj^J I 

i^jjJJI ji^jJI ^Lijj Li^jJj_i£[j (J-«-Jj • L^J ^JjtAJI j j j U" 1 1 jlL^, cjjl>o jua 

ljJjjJ!) 4^L2jJ!j ^^JjlIIj 4_ujiLI SjLalli! ja^^/l <L»IaJLa C^J-lj J^_3j 

UNESCO United Nations Educational ^Scientific and Cultural 
^ I j_Lp- 36 ^ . a i I fllg S^iuio a L>J JM i. j a Organization) 
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jtu-J I g-ilc (jlUl — LgJI nc ] lJ £ 4£jl ciilLi — '"'l i a i a sej 1 1 

The 5Lo.jJjiSoll j ^*kJI <_SjUll oLiS^U-V ^ulLiJI 2ll=eUI » o ^jSLIl 

World Commission on the Ethics of Scientific Knowledge and 
jJaLLa l 2LJjjJI olfUUI (j-a 51, „I,» Technology, (COMEST) 

J^Li. (j-o i L&jIjV I ■ alJI 4-Lfl-jSj i4j^jI_LII jjjJJ 4-^>.^Jj-cSj<JI '"'l .tv.tl 

J! j' 

. 4_ajJ_a J-^ I 

1SL13L2 ^Jlj sLlCjo^sjJLIj ;4jjL^>JL 4 i-rlll «JUk Cjj_uu JLSj 

LkjljTj LdoL*jf 4 Mi^l-La £-a i Lk JljJu>iJJ jJaLje-U lillj 4 j q i n" i _^Si a£l<C<\\ 
4111111 4j.iL.JI SjjJ II 

.2003 
2005 f UJI 

J' 

d ^ U. i ^ t r 1 , Vl ^J^jJJ j*3-^ ^LaJl jLLs^l jju ' « d j j j fi ^H3 3ji^-<-u_^ i) 

t3 n njJI lLUj 4 uijaLU, l£Ujj 2006 ^L*J! £ya JJ J^Li- 1 1 m|^flj 

4^Lbl j Cj^Lj J_*jJ! «_i 4-^1 iXLj i^^L^lll (J£! JuJI tjr ic * ." < t j i r> C1aj_>. 

t^£- «LujIlLI 4j_lL_oJI jIjVIj 4l*IL>JJ jiaUtib j I *"'**' 'O"^"' L) - * 
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.4_j^>Li-l Ll - 

. Lai>. I Ll — 
2j \l , V.al Ll - 
. «LuLu Ll ''-^ a — 

.SuajLUI jl^U Toxicology 3ja Z«> asU~« Ll i^a - 

4jo-iLlJI jl jJLl 4j p i ujj La ^1 Ij-ti-i i LU3 j i'* j I J j S «"' _oJLl Jij 

jj-a ^jj>.i ^_aj?e_a j jUj jjl j-a^l i L#j Ji^ fl-u j_^>1 ^- tJ ^ j**'^ jJj) 

,LU. 42LUI ^LUI jl^aJU ^ujJLI 

j_uj I Jl&j . Sjjj-eJJ (jU<JLl J j t ("i" 1 1 «Lu I Ljjjulia ( _ ;T 1^. 5jJl2JI f - -^ J 
-^Ll».! La I j! 1 (j'jlr la Jl tajjj L^lLc "j Uj, „II 3JjL-e-a i£\ J ni> JL«CL>.I 
Cj^LcLilll «Ltjjia (j^-JJ I J UJ (jl (_fTj Jiii J . j ^1 j-aVI 

£y» VJ 'L^LSjI i_j uaj ^1 'SjJJ-JI cOLcLUL SjjLkAj^l 3^1 1 J , ,i"1l 

.«LuaL>. CjLlISj ^1 Jua-" 1 o I jJ^L>» 

LgJU SJljJl». Cj^LjLc j j j la j i4j^jl_L!l jlj-al! «Lp.Ljj'i/l Cj^JulII ajjl - 

(j-uj^Li (j-* «LjuL *jj Las» Jl Jul£. (Jil-a-i Ijufc^ . 4_j_ajj «Li lm *jj ■ a 1 

,3JUVI CiLaJiiel>-u}L! iliilill jljll tiJJj <Uli»t jL-us aJl£. 

Jl 

J I j^ll «L-eluJU (JjjJI 4_u3jjij (_J jJI ,_LaLdl ^s_iIul1II I Jl$j j I (jjj *-l_J-& — 

. jt 

"tcLluaj iSj^'v 1 imJI '"'l SoalalJlj (_palj^.VI jajiiej uH (^jJI «LyjLJI 

.J^LUI jLajJI SLsrl 1 11T 
( _ ;P 3 JiJLJ liljl 1S1J joJ (j^JI J J J-!l CjLajSLa. JLi^. dljj _jj 4j-Lal (j-uj*.ljjfc — 
(JjjJI tiJLLllj .^ojLlJI Lo^aJ^a-tSLll «Li^j ilaja. 4_uj-e_i ^_alj-jj Jalaj. ^-^J 

( _ ;r Lc ^ JLlIL jj JiJ (j-^J «U^sLi. i^^lill I JL^j jj Ji3 (jl ( _ ;r 3 (3-=*JI 

I 'n 1 rVi i a itfJL^a j^LnJI (_£j|jjjt Jol uii!l (_y3 Lgj£jl uus 

.(j-UsUI o>2J' 

JjjJI aj t^" " (_£J II !_g 'l .^".aVI j ( _ ;r ai«JI ,_Ll22 i-ulL (3^^ (_)-" »■! >* _ 

,_5J-a-«J (JLaoa.1 3jl jjj 1 «Lo. jJ jj^ll I jjLlII Cj 

. LgjjL-tJj ^jLJI Lp. jj 4 ijii 1 11 jl jij (jUJ I j uj alta. jjj i^'ill 3jj*j1II 
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^«LJI (flJUJlj jjLJl Ll^j3$jS3 

SjL. jUj- .JaJIj^lj jJI IS I jUJI t 4liJLi3SU"iU l_.l L yu£ l ^ji\ 3_uLpJI 

Aj»Vl 3-Lu>J gjLi]! 3_ui]}U (^SUIVI j-aLj j_JI L^Uaj J_jT ^1 .^11 

United Nations Millennium Development Goals MDGs Sj 

i_aljufcVl jj^-»"l w , ,,l , ,, i Jjjlaj (jyJjl ^ j i S"^ 2005 j> I «II 0jjj_2j w a 

SjLs. (j-a 1 a-Lajelllj j-lojCJ I j 4 j_«_uJLj 4j^jL>JI <Q]li]l 4-ui]3U 4 .uLs-i'iM 

(JjjJI (ji^. «mJjjLlII J 1 1 )) j • aj Sj j«Jj i(_psjJllj j-2-i!l *L«j>.LcJI J^-l ui-ll 

'j J^' a j <j-° i< i-^ r*ll*ll (_jJI J ■ ^jl jCLol (Jj 1 1 La L^>. jjij d oji2jil 

(j-o JLjJ^. (Jj3 (j-a ^LsIL&VI (j-o 'j-J^ (JL*J 3jL£,l ^11 L^>.^J jjSill I dJJt diljijj 
ijjjlj-jjl i(J-ulj_<j/l i JLl^JI i4-Ujjj>JI Ljjj^ JlLa i ( _ ;r aLLll j«JL«JI Jjj 

.dh ,„<l,l 

iSjLi/VLi jjjl>JI (j-oj . SJjj (j-u^liUl jjL>o j^i-I jjlcj i Ljj_JLa 1 1 j i ih ijj.il 

jjLJI S ■ i-u (_^J-II 4-^>.jJj-cSj<JI CjIjjjJI 4jjjL5JI ' "'l c I * i eaJI (j I 

i JjJL^JI liK-uJI g-l ta flj 2 La jjj 1 1 Cilcl u-all ii_tLoJI J JjJLjJI Llo Jla 
3_uj^SL!l Cjljijillj S j j a. j? I 3x.l '< iCjIjL uJ\ 2_cl_u^a i^j i .lillj Jj-iJI 

(j I ^1 laLUsVLl I J & . Ltj-jjSjJ £y£. 4_Lal_JI I llj ' j^?"*^ 4<l-r t'r*i J I j O I 

imJjjSUI I LiaJI Jjj II Jj^ (jjs J*A!L oj£jo.l j ja .-»1«- 1 ;.^tl t<j fc 

JjjJI <_sLi^a ^1 Jj jtjl) I J 2 La ( _ ;r 3 (j^' 'LusLlJI (JjJ^_!l (j o jl 

jjjjj, jLscjlj ^ ■ "'a I 'l I ( _ ;r 3 4j u/LJI jJI ^ i J a (j-o <_u-Laj L^a i w i LajJI 

(JjJ-l ,jjO (JjJ (jJI i Lls- ^Jj i^v " 1 1 ^^yi 4jjoLl1I LlIjJ '"' ' J^J 

l 4^LLaJlj <>LlI,I i4jjjJI t<Lse^aJI CjVLa^j ^ 5J »" 1 1 L^J^LiiA jj^o j^u£ (Ja- 
.4jjLjJUj1!| JjjiaJlj jljj.1 LgJ JjJL» -iL==j! o^- ^j^T 1 ^ cP^' "'U 

-I ualll SJbiiJI 3 <i itl uiXI (jJJ jjLUI ■"'! S-ijlaj m^^Jj (j! Jt^jil (j-aj 

i _ ;r 3 (J-«-C (_^£a_^3 j-lS^jj ijj >JI (^j>-mJj->J I <j^-J SJLLajJI 3j itLLa (jjic 

2 ^ ' 5j 1 1 L^jULu-Laj l _ ;r i^- 'LajLSJI 4 T L»-LljVlj 4-Qjc-JI CjLcjj ioi 1,1 
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Jl>.1j ^-J-i-* t— a C^*^ t ~- t rP fc '^jJjLLU CjLal JL^tj t_uVlj L_cl jLLb^JI 

t^-iJ-J <<JL>*JI d «J Ja 'j w (J^ - * (Ih* J-^' Cr^ ^IS" 1 ' ^ #jL^ii-« 

jjLlII [jl>. jJSj i— kcL eaj (ji jj>.j_U (j-<t3 1 1 jj . ^LljVI d A K" ^j^j^"^"' II 

>Li ui Lg-4Jj-2j J^Li. (jJ> L£iljj i«L/>li!l (jljJ-JI iy£ 4-l^.Lu^I Sjjiill <j a 

■ I jlaJl » "J ijik 5 ) Laj 1 uli 
^ - U "L?* 3j ""''j ^J.'J y a ^jljJ' ^^^J-^* 

S_ujjJI LiljjJ (jj: (2 - 14) J£ £J\ "j jkj (<sii>I! (j 1^ 

Jt 

^SL. JLail lj^-i a aLoU SbibuJlj ^LujJLJI 3ia ijVl t-jLuL ^-ulj V Ij /t 

jlj (ji ij (jjsliU! (jj-il! (Jj'jI (jt^ iij 5-tcl r « . — ■ T t 4jIjjj a 

£-0 cLujjiJI (JjjJ! (j-a j-uSLI 4j!be_Jlj d j <i Uli d ta ui iVlj d j i ri" 1 1 CjLaLajjtVI 

LaUlAl 5LoJL2lJ.I I :.^tl JjjJI L^jJjj ^rlll tljVUiJ.! j c2jLoL*l&Vt tiJ ti 

(^jjlII j_lL>JI d alaJLa ( _ ;r 3 «LujjlII (_>^ulj CjjjL_i JLaS . Ij ju£ 

(jt<~ia) (j-flj^a^l JU ilLi (^jjiJI j 1 ^"' 1 j 1 (j la-a iOjjSLII i^uj^» Jl) 

^joIj-J ^ ih t nLj fjyS {jJJ-ul*]\j ^jl_>JI Oj-flJI (j-* (Jj^ JlA«JI Cjlj 'f ( n jJ^L>. 
JoLlalll I JJt ijr ll Ifbi 13» O^-Lca )l Jij3j .^jLJI Lo^^^jS^JJ joJjl! j-J_4-l j^lj-aj 

ij-j|j->JI (Jlua i^jj>.l d ajjja 4_uj^, (JjJ t^l uuu jJL^tll ^jjjlII i II 

4jLs i* ( _ ;r <Iu I olj •O 1 -^ i-aiaj njjjVI iCjIjLa^l ijjjujj it_!jJtll 

5 , t ^" t, 1 Cj Lo^^J^jSLllJ I Jj-i 4_U5_AL) ijT JJJLll jj-oTkJI fcJiljLj (J^-l 

Lii^l iIla (_)-><J j-iUI Lo^^JjjSu CjIjjI i—ijlijjj i^jjlII vl . ^.".aVI Jjjjjj 

<LtJtt_i-£i]1 4_iLcjJI j-J^ ijr Jj-»JI (j-^l ^-Ll «1 i'iij* a £j\ i_uj>oj ' ^ J ' aa ***' i_uJLl 

.4J oLaJLiJIj 
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4_jJI ^oiiajj i?JU^_) La t i S fl3> Ju3 Lul <JjJi]l Laj i_uj V t^-j LaJI 

LLoLa? J I j La (Jj^laJLa i^a gJLI ( _ ;j ILx_l1I (JLaJL! Ijuk ( _ ;r 3 (j^s-Lj *l oJL*^ 

l_L»-jJj-i£s ju9j . I_a>j lif AjJLLkJ! 4 i n^mij i Lal Mjj-I^ 

.0 

I j'" aJlSjJLI - *j j 3 fl II j 4-iiiJI JjjJI w a 4-iibtjJI C) Lal a" rtiVI (j-u jjLlII 

3_l«JL«JI 3 ul3LUI 3-l1^- cA* i? jls i<Glj i^, aLLllj 

La^ i<taj_«J,!j j« L*JI jojLoI! jLalu uu*$\ ^^Ln-a cjjj jJI 

(jl -Sj-aJI 3 '£l>^-^' ''*LHi S^j<^tl 4j£mi 3 j n i» f Cjj^j? I #j| 

^j°t djjjliLaj «Ls-Lo^ ^->lj «3 (jyiscJ (j'j i4-icl JjVI «dia Jul ^Loj j^jlrej 

SjjLa i jlcIjJ! LgjLj L^jLsJLilj 4-ujjJI «La^/tj . j«JL»JI ^Lijlj J j i a> ■ 

(_£ jJI jJlSJL L^cLUajf <j-1 tJ £ (j i >i 1 1 J h_£JlxjJ! I jui 4^J».I jja (^yic 

.^Jj^jjlJI L^itJjLj £_a <- i t (iLlLi 
La itSjjjO 4 j n itiT (jl uU imJIjJI ( _ ;r 3 (^-K-a j«Jj £JI ^JjLZJI j fljj J 3j 

4jjL>JI 4_LbtJ! 3U,V,S)I £_« jLa-Uall I 

ji 

laLS ...j £a .2008 ^UJI 4jL^ (j^J 2000 Ola a^LL^I WLtJI 

4_Lai»J! u^^L;^! 



3jj mi i U CjUcjVI ^JLC 3 jjLfljO (2 — 14) (JjJ »JI ^ 

L#J Cj^jI Cu (_pJI i^jLlII LL>-^JajSijJ joJLc jJLa-a ^^yi <UJtL*JI CjLjjjjJLj 

3-5laJLa ^ a^ial jJI mJj i-Vl a_LALL!l JjJ-!l jjJi (j^UJ ia_ujjJI JjJ II 

(j-^-abiJI La J^Li- illljij i Lj <-u] SjLa jl • La ■ uj VI 3j ^11 

. 2008 j 2000 
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:(2-14)JjJL^JI 

j-o j a « i * AjjULa (.4_uj_slK Jj-lJJ 4-dLtJI iU^Jjtll ljL^ jJ L S— uo*. J t (J [jL3^ * j— u*3 2L- flloS 
.(7-5 j-o 51 HHuj-a CjDLo j . Lu* T 3jLa ^3 d_i_dLLJIj 3 ■ La uij] Jj>aJI 





LSfu 




(%) aJtuji 






2LujjlII JjjJI :VjJ 


0.18 


0.58 


0.43 


0.300 


589 




0.05 


0.18 


0.13 


0.090 


182 




0.05 


0.17 


0.12 


0.088 


171 




0.04 


0.12 


0.09 


0.060 


122 




0.03 


0.10 


0.07 


0.050 


98 


4-i J>J-<_i-aJ 1 


0.02 


0.07 


0.06 


0.040 


69 




0.01 


0.03 


0.02 


0.02 


32 


(*).•- , 


0.38 


1.25 


0.92 


0.650 


1263 








0.76 


1385 




0.53 


1017 




1.74 


3363 




2.98 


5765 






18.00 


34825 


^ uaJI 


12.00 


23217 




4.00 


7720 




34.00 


65762 





jLt_a - 4_JjJ 13 - «I ^>*-^ (Jj-^W er 4 "^' J uul\ j iluj_a (jj- 1 ^ ~~ 

jj^j ^^jJLLjlII ^Tl^-lI I ^lnj^l 1 {f< $ ^ • ■• a cJLL cj_o» ijjLlIl Lu*. jjjj^j 

.45111^0.65 
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<LuU!i 3jla J>L>. JLaJ,! Ijuk ^ LlLc jj uiiil ^^j^aII (^-al»-!! jLijVI ~~ 

JMi. 5 jolr jl j/\ (jl jjI 43j ij La JjLu ^ <(Sj3jj 1263) ^l^f 

jji^. iiJj (j II (^yjjuj I «1 Lu I .^4^jj 1385) c-ujii s^iill 

.(«ijajj 3363) I (j 1 .iii \ Selili J^Li. (JjjIjjj/I lupjuij (^jill JjljjVl 
aSJlC J_La oL)- 1 ! C"^* L)^!/"*^ (J-aLiaJI jL-£Sj>JI (j-* ^-J-^ — 

j mi ill 4-Il ni<ii J) I La J_ul^ t_ul JUu ^j-iLlJI c_t_ujuJI <Jj->»j L^-jL^ 

L^^JaJcSLb 4 n'^jU Ja u/j^/l jj "J I iilaia (JjJ-J (_j^L>JI ^ nUtl 

Laj i Ljjjl SjLiJ cLoi-LlU L_j^jj (ji^. 3j alu illL! j ^jjs • j tLlJ I 

(Jj-i £_a (^u^^oJo-tSwljlj ^ aUlI ^jjl aLllL J) I »**'" Llj-a ^ 4^ 

. 4_a I SjLzJI ojuk 
Jjjdl ^us ^jLJI I x»-^JjjS^j JL*-a ^ ^rJLtJI j illl j liij^a ^Ljjjl - 

I j'" j)'*""; "-^^jl "< lS 1 -*-" JjJI (_,— 1] ' L uil Sjl^S Sjlcl uaJI 

S^l J>U. l( JUJI 

. 4_jj LaJ, I 

lilL ( _p3_uC *ljj (j— a LSlta^a <_3JujJI (j— SLj j«J 4jT i I uk J ^Lll I -i_jl_J 

<JLs_a 4_jitrt_JI Lj i ^ j a* ^Lal jj^j-LaJI £_Li£ p o j II i laj uj juk CjLLuJI 

iJ? _uSLI i4_uj_*JI 1 i", ^ t-, i ^ ^ 3 juu La^j _il_3^j ^y^II * ^0-iLlII 1 _L>^oJ 

t 4- lL^ -lI I Lo^u i_u_a 4 I ik"» l^a-a SjJjjuJ^ JuTjI (jl (_^^ «-II IJl^-1 CjJ 

LtuilaJLa (^^3 (jVI LbjJ (jl La_| uj V i4_l>-LuVIj 4 j i 1 1 II 1 j >j ga. i I . < 

. (_g 3 T pJI (^•J-' JtS'tl (JLaJLI Ijuk ^yUua^ajeiLa (j^^-Lj al lir 4_lijjlII 
oLaj£^>- Lgj ^J^3 l!l 4_ukljJI Ja^jJI ililj (jLa 1 1 juk ^ II S^LUaVLj 

j_u ui^-UI oL>-jj Jjl! L^j^LIo Jl ljjjI ^ 4U1*jIIj i2Lujj«JI (jlj LJI 

Lj-Laj ' ^>- : -" ^Jl S^LUaVL i jjLlII I ;L>.jJjjSjj j<iic JL*ja (^^a aljj j^jJlj 

i_u i4j^ajLLll j-LallJI ^_al^j_lj ^^lj-a j^jju ijr II ^ J^J rt ^ tajL ^-** ^^tH^^tI^ 

4jI Ji£jJLI (j-aj .^ii^^/l (_j^C- d L 3 U ^ ii i -»JI CjIjJ uJI J^Li. LkjLaj (jjjj 

1 J g3» S^Ljj ^_a i^j^j^jt-JLI JJ C jlj^_lj Jlj-a^l i?Juk -^^-^> J *— 

LoUL«J 4_i£.ljLiVlj 4jjI£0j^I ol 3-j^tJ.I 3JLu^>- ^L£jlj 4j!btJI 

■ p-$X\ (^-^J^lSJJI JLaJLI Ijuk ^ 
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duuA uJI jLiVI j taj.? Jb>.| i4_LaLcJI cjjIjJI Jj-iJ 4-aJ_2lI,l JLa ill JjJ 

jjtj i LgjVL*-a (j" 1 "* - i ^ j* J-2jJI_j j-iLcJI Ljjj.jJj.cSj '"«I Sjxlaj (^i^. 

jj-a (2 — 14) (JjJljs-J! d m n La-a ^CjJI ^ IjlA .«O i_u_aa£Lll» 4_La CjjJL>. La 

4 u-r j II CjLvjJtll d j j I r I (jLa i4_LaLcJI JjjJI I J ' "j I T SjLi^. 4j!btj 4^jl_ia 

dijp- lCr t.L«JI ^"n.iU (jjj tr^JIJj La JLaJLl Ijuk ^ SLusLlJI LJjjij 3_^L>JI 

3L^Lx_a jl i3jL>.lj 5>JJJ O"^ J J 1 "^J liujLsejJI j»JLC (j' 0 La i ' I (j- 1 ^ 

(Jj jJI jjLJI Lc*. _oJ J-iSuj (0-1^. nUtl li^t-JI 3j_< i^a I j j'- I jj cH^' 

L$j| i ta a. N _' — t>°J '^^^ '^•J ^rhLH'J' 2 S U i 1 1 3j 3_aLc 3 J-aLlIl 

— (_£jj>.VI ^oLlJI £j-3l I Jj^l JJ (j"^' I j mAj 4-LiJe-JI CjLsojlU £a Jjx~H 

5^^3-1 ^lj tlj ^jjjfcH] 4^>^aJll aj£L>JI (Jjj_aIlJI ^^oj i-u_a L_d — 

^* ' (_LaL*JI I jlA j-uG 0JL9) 4 ijjLlJI ^IjJLI ' j j 1 ^ 1 

CjLulj_La ^jIjlLJI tiJJj CjLaj£L>. O se_Us ^jl Jm_) 4jy j^_«JI ^JLtJI ^jljiL) t j a 

oJlj La ij-iLlJI !_L>*jJj_(£jlJ 3^^^° '-"^ Cr^ t* J^ - **' ' "**> ^^tH** 

. (3_^ol_Ll1 (jljJLJI j 4_ujj«JI J I JlLJI ,j-a j_u£ ^ 4-aJaLiLa 4 K mi 1 1 
Cj^t-JI (JjJ-aj (_>^>l iJI (Jl i'* jfl c^l U CjKj iSJI jjj ^-iLtC. — 

oU-j^ai (j— ^ s^i^ ...vi 

& y 1 1 »La-Lt-U 4-u-rt-JI 

1_^>.jJj_(£[jj ^ 1^. ^ ,^-^-"T 1 (j^iL>.LJIj g\ <jJL*JI c — 

jL^vi 

J^Ij 4_j_<ji£. cj^tj ^j^j L^j ijr jjJLI j_<cij*-ll -lij-^T cjIj^I ^jlc — 
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. jl>-!jJ! Jjj^iJI ^jj-j 2_aL2j v 1 ^^ — 

.jj-a^-LJ! £j ^li-^l j g^l j-iVI 3_sL2ii t-jLc. - 
3 M«"U 3_|ibtjJ! 3.L ijb/l ^ ^jl2iI! ^JL«JI Jjj ^1 Jjn«ll S >^s> - 

. 4 j i nL-uVI ^.JLjLlJI jJ^Ij-o 

(j-LifllU! i 3 1 ' aj I J 4_Lal_L!! JjJlII ( _ ;r 3 ^ oUII Ot j II ^.«Ci^-a i-iK 'M - 

.(^_t£jJI a ■ a Jeli 1 1 ^jL>. jj- 4 
•L? - * 4j^Ij CjLl2jlII dilj t_JjuJI CjLJT 

jjLlII Ll>- jJjjSjj j ^lc JL*ja ( _ ;r a (j-ilaLiiJI (j-d^-LjJlj »1 iUII 4 ~ 

<J^L>. jL?=_ll ^ 3 ^^j-aJLnJI p jl^t iluj 4_lLss_l1I p & j-j^j ^ II 

CjJ i(J£l li^a (jja p^Jjj «L^s-Ijj U, i^l JljVIj j V L j_L«jJ i4 j 1 1r 

. L$J sLlL^C (J^JLs. (jrS sLfljLjJI Cjl_L>-jJjjSjlJI 

3£l j-<iil (_>^L>JI JLtcVl ^LLl3 t_j jistj JjjJI iiiij ^ ^j-iicj-LiJI ^La - 

( _ ;r aij«Jlj (^jl . ^".aVI JjJjJ.1 djlj aji >JI 3 mtiII £Jjl iill Jja-4J (^-3 

.JuaJI 

Sjml uall i_lj-L>JI jT i4 ajLfliil (JL< ui II JjJ J-a ^jJlII (jjl «iJI — 

mJJu>.I sLJjjJI 3£jI mi U oJl& Jlhjj .(jjjJLJI j<s^j sUIbej J^Jjl ' J " '"' (^r 3 

i3_lUj«J.I i " ■ I j j j atj II i-aja (jlr i_<iilll A i^»L>JI CjLJVI ^Jt] 

j^ylll aj_)Ll1I Ll>.jJj_(£!j £jjLdi_a «L>.^J,I iJ? _a^£L>JI ^CjJI ( _^sLiit_llj 

U LJLi. 

•.ii^IliJI 4^^L«JI C: -r i ir-iL3 '(jj^ uuJI ij>i!l ' a i * a J-Lo LjjJjv lj-J-«J 
L*j_i*jj>. ( _ ;r 3 J ILaj sLo^aj SjLjiIaj 4js^Lc «lotilj Lj^-^JjjSjiJIj jo__L«JI 

^ ±3.1 loX I ^.^.^JjjSilll ^liljj tajjlj 4_L3jjtll ^ ^JLaJLi d i^>L>JI Sg^laaJI 
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«LaJLdJ jl JuLa (^-ljuj £_alije_a jl_AJlj1 j^JLa ^_i_Ldj ijr 3 4_j i_u_ujJ! J-ol ^ojlJI 

4 ■ S * U 4_i£,LaIo*V1 Cj!j-ujuJ! {jja jjjuaUI tJ-^JU-^ ^ C^J.} La IjLA .00 ajj 

Ijjj-a <Lc.lju.ajl J ±3 La (j-a Ujj d .LcLLuaJla 4jjLUar»J! ^liljj IlU 

ojo^' J^>- "4^1 * j" 'j er^l iiLh^-" iUcLu^JI oljjULi 

I o^-^jLlj i Lilj La ( _ ;r ll! cjLojim L^jJjjSJjj cjVL^ojV! 

Lp-^JjjSjlllj ^jUH <Ua»LuaU 4 ^Laj^V! Cj!j_uj»jJ! 4-^LuiLu.J Jjljj 

jsJLkJIj 4_ujjlII I lIjJ ^ L y^>. y i\ i4_<-aLiJ! q\ J UI CjU-albeja a 

p b« M I 1 j £_aJL»JU 3_aL2jJ ijiij LgJaLpjV dJJjj 5 J S» a 4-<laX. ( _ ;r a^1 uV! 

d J'"3^ Aj'Atl JjU j gl jjjjJU JljJL2jJ!j Cj! jL«J!j 4 ^LaivVI 

jjj t Jajaa LuLt-a T trfc-a ^^jJLc 4_o^aJ^_i£JlJ ! Cjlj^oitil £_aHjtX1 3-)La-"i 1 uLj 4_la_ujJU 
^JJ LljJaj La IjLa . 43jLaILa <_ 1 1 n M ij^J i4j£ ^oJLkJ! Cl Lt-aT<Jc.a J 1 L$jl 
CjIj-jjJlj CjIjLs*^ (^jJlII jo_IL»JI Cj Lt-aTbe-a 2 ij 1 U 1 1 cU_Laj_)| lili 

L^i! jlj»- ; , .c La I uogVI j oLc! >li-V! ^JLc 

i^rcLai*.! ^Ltaj 4jkL>. Ij-taj diljj iSJj^Lj 2_jJ_aj |jj a <-, ,1U" 

JaLajVl JjJjiII (jJaLCJI i", BaJI ^1 l( »J_2ia j! j»Li •(jJjii ji j/ 

3jjJL>. CjLijljj scjI 3JjLx-aj i4_LaJUJ! CjIjjSJL! 4 jj. I LaJ, I «U^LaivVI 

CjLs^LkJI ^1 2jJ ijUaj '— ^Ir I u/Lu/I j»5-3j (jl^l 4JSLutj £ I^*-J tjij ^ 3 

.3_ujJLlII cijLal uu^Vlj 3_l>. J^^OJI tuljjiLt 3_^I^J.I 3_^L<a>.VI 

Lp ^Ja_tSLj^ ^jLJI Lo^^JojSJj -ij j" La jjt£. ^^j-Ia-a ljj ^J^» iIuJJ 1 ^JJ ' a 1 

(jjtjj 4j! JLj^LII! Jjjj . J-a^.! ^sJLoJI (^Ja SjjL^sj^VI j 3_tcLLuaJI CiLcl taJaJI 
ijr lc ^ojLlI! Lo^^J^jSJj Cj Laj-ilali] 4_o^l_t-ai1 CjIj-ujuJI i>J_A ^aHj ^jt Sj^j-tiilLi 
j^JJ IjJij lLL! i«LSjLcoJI 4-LcLLuaJl Cj!jj!U! i_cSc sb O-aj (_g jJ! ■ La i lll 

CjIj-uju CjI JL>.^/ L^JLaJj (jr^ ^Jj-^^ (1)-* J^ 1 -^- 1 W-*" J-J^-^UI i> JLA ^ ILa_i 

SjjJaji Cj^LjJLhj JL>.jJ (jyjJa S-aJijr" i n U 3 c I * i aJI jj-^ 3 £ ^ r= i5 J ^ 
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. iJ? j>.^J^_tSJlJI -—iLa-u i_u^U 4_t-aj-All /«JLjlI! CjLt-a T LTtt-a ^yLaju La-a 4JL>.^LlLaj 

i_iiitj (j-«SLj Sjj U -»J 1 (ji j i^ljJI j<uj£L!! (^jLU! (j-Sjl iSij jjsj 

^_a-<JI 4-lLc l _yJt Laj >LiajjV!j isCbj->J! Lj^-jJaJSilJI aJJt 4j£I jjs (Jj>Atl 
La J-<-uJ N J • " L*J L^la-gLj La-a i4_lL»J,I LgjL*j-La ^jalaj ( _ ;r 3 4_lCj_JI ^ JlCJ 
«L>.jl £J-aj>- (j-o L^>JI S-ajLoJI 4jojLl!I ^1 1 ntl (jLUijLaJ 4j>.jILiLa 

Ll>*jJj_(£[j Lgj £j_ajj 4j_Ula]I CjIjJlSJI CjjLj? ijJ^S (j-a Lj^li 1 a^ 

L$jLljjj>.j L^jljju t_tc.^W (J^*" o- 3 SjIJL! ^ ' i j j 1 1 ■ 3 i^L>JI < ^jLLll 

(JL>-J^ ijj^jjl CjI ao£L>. ^ ^J^^ ^— i Ju JL>. (JS[ LMJ 1 ^ J j"j J Sjl cl^ 

4jl3|j (j-a Jl*j Jj-flJ («J j«JL«J! (j? i4 i^aLi. .(^JlJL! £-ai*J,l jlj^lj JjJI 

*LaJL»JI Jl>. I (]>Lc I £f^>- 1 975 j»L«J! (^^3 « jLajJLj .-ul » j_a-lj-a (^yi CjJl». La 

cjl_i_tll ^^jjJI a o >■ II cj1_Lij*_) c_< c^Lj-II tj-a 4_i£La_j ijr JI 4 L-a&j 

CjLoL? Jj-tiitj i_3J g-i 4 Lj i — a (j a L$l2jj i (j I j j ~- II J 

4- tl a- t . U ^jLilll ^j^Lcl jLil Jl3^ . 3^_LaILa 4_t_Ltj*. 4-j&j-u ^uCu 3jujL>. 

£-»^aj 4_ii»J,l JjjJ! CjLaa£L>. Lc.} La-a flj i£ CjIjLojjIj i ! Vjl». 

4jl3|jJI liilj .-.«jU'.l j 3j .JjsLtJLI (Ji-lj (jjia-LJI 4 U Ja jIj-»^> 

i4_l3L2!lJIj 4 j a U II 4 jL-lALs-j sLajIjJo £j_a^*-i (^jJLI £-ai»J,l jj\ ifcjT ( _ ;r 3 

4jjI£L1I jI^£j 4_i ijJL>JI ij^JLi jjLlJI l_L>-jJjjij js^j la '_' (<^3 I j-l 

CjLoLdJ 4jjjj>JI CjLlj^_^1JI ( _ ;t 3 vijjJLs-j i 3^°-' LjjjLflj 

<13j)j-«-a (^Sj j«J SjLjJl». CjI IjL? jJjj 4_Lc («^a-y Ski Lajs ; I j Lu Ja L>Jlj 

5^£LII (jj^- 5Ljj>JI t __p3j_«_l La_a t ^ ^ i " J 4_La_i^JI ' tit-LtaJ '(_LlS (j_a 

. *l_Lill j jLoJlU 5 j i'ojVI 

4_c>*jj (j_a (JjJ II CjLq^£L>* 4_i La jLLal 3j 

p gj t-» uu| ^uijj 4 a V iX CjI ^l^-La-i ptj^l^-cl jl j p (jjlw 

jjjLiuJLIj 4Ja ij^l 4^^^!! Ll>- jJ jjSjlJlj jjLlII »1 air j-j&jl , . 

Cj jjjjJI Sj^>.fj iSjyJu>JI 4 J-JaJI j_taL2j«JI ^Lijl 4^>-jJLI 4 jgx 1 1 1 

j»ljjVI j^j-ll ' 'a uiSHJ 3JLta ,Jjl ljijj j_Lj ^ jL»jIj ij»L*j>-VI 4j^jLj 
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i4jj>J! cjLljI£L!I cjI-Ll^lj 3_lL*j«JL! cjIj-aUHI <L-ujL«-« ^ Vjlj i jjyVI 

iSjj uiill Cj^ejJ! jjLuj Cj Laj Unit 4-uLijVI CjLcjjsjsJiI ^1 JLitl<j/l (jLSLalj 

(_£_)! (^La i£-Usl jj JSLlJ 'u <i~i V '"'t I i^j" ' "U (j-^-J • j-tLi-° L&J^ 'J ^ iij ii -w 
CjLoj-lLsj ^tjj>» jj-* c ^- a ^ tjj*^ J-*^ L)' (l)^- 4 - 1 L^-^-tl w ^j^*wTI j U^tl ^jl 
Cj Lo*^J^_l£1J 1 ijr 5 LajLt_u Jli Jl>. Li^ i ^-^J ' alielJI ^Jt i^jLLtl Lo* ^J^_lCj 
(_gjJI ( _ ;r aji>JI j ta >J I (ji (_fj'J • L$J ^L»^-!' LjLalstJ (.^-tl lSJ-^^' 

.Jj^/I ^LaJk! ( _ ;r 3 (_gji1 Lalai j taj. jjt i4_Lal_Lt!j Sj_iiaJI t_s^J< luJI £ L#>-I JJ 

IjJaj (jiia j_aV iSjjjLJI CjL*ILlUj CjLt-uJkl p ^j. .Sj-taJil JLjIjjJI (jl 

LuLcLil^a L$J 3 <>■*■ i'n Lsjjj/ J->«j u/V! oLstlitl i_dJj (j I ^1 

« ( _ ;r j*-o (jjs ^ uij-lj .«jIjlaIj ^jjJI (J m <_slj_u ui\ ^liLi Ijukj isLujjlII 

oL*Iia j^JI SJLatiJI SjjjVl j j-LSlSttl cLl3 J^=j3 (Jjj-tl ii_uj-lt! ^^jJI liiti 

Lol i (jr Liit Lis. d-LajJllj S^Llitl (_pslj_a^l ^^Lttl isLLS^Li-l J-i^ 

)2 |, LilSaJI jjal ajJI ijr L3L»jj j ■ < aJI i ^ I"r**it1 p j^* a *lj-iitl £ya ^jIdjJLI 
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cy> ^L. (>» 100/1 = cm j-WcicJI (2) 
.(^1 ^ lJJi j>a 1000/1 - mm jWUl 

<>» j^JU j>a sj^.) 100000/1 = fim 

jLLo 1000000000/ l=nm 

.^^u O.l^ij^ijii 

. L_aJJJ,l 2LLa-ml^j (JSLtlJI Lldjj (4) 

(5) M. Sherif El-Eskandarany, J. Saida, and A. Inoue, Acta mater. 

Vol.51 (2003) pp. 1481-1492. 
jjSLaill» ^ jl^a j^jSjJI (^IjJI I ju* ^ LL«-a 3 ""j (6) 

Obr al i 1978 ^ UJI 3 fkjl\ JJmJI ^jjdl (JLc <>i jjL^J! ( <erA U]| 
dJJjij £ (j-o^JJ^La-il j^j^JlII J^ljjlu 1 <& .132 i 13 1 

.25 . 11 cA^i^Ji ,1982 f uji .59 ojuJI .aa^ai 

tOj^SLIl dJjJ ^£ C^M Sjljj — ( _ t jj_«JI 4JL*_a . 4JLu2_>J! j ^ L>JI (j-u 

.159 152- ol^i^JI ,2009^,607^1 jjuJI 
SjlsLia j^ajJ 4j^jl_iJI t^ljjL^S! t^VI i ui jL«-=eu jjjS^j illL^l (8) 

.33 -25 ol^i^Jl ,2009 ,66 

.jjLJI (9) 

http://www.aps.org/publications/apsnews/200012/history.cfm 
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(11) Binning, G, and H. Rohrer, Helvetica Physica Acta, Vol. 55 
(1982) pp. 726-735. 
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